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This thesis is dedicated to the beautiful, endearing, and often frustratingly difficult to 
observe Cerulean Warbler.  May your blue ever sparkle, your chicks always fledge, and 
your journeys be filled with fat caterpillars and tall, green trees.   
Rejoice in the Lord alw ays.   
I will say it again:  Rejoice! 
Let your gentleness be evident to all.   
The Lord is near.  
Do not be anxious about anything,  
but in everything, by prayer and petition, 
with thanksgiving, 
present your requests to God.   
And the peace of God,  
which transcends all understanding,  
will guard your hearts and your minds in Christ  Jesus. 
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ABSTRACT 
The objectives of this research were to (1) assess the pre-treatment conditions on 
Royal Blue and Sundquist Wildlife Management Areas (WMA) in terms of Cerulean 
Warbler ( Dendroica cerulea) habitat selection, territory density, and nest survival, (2) 
summarize the initial response of cerulean nest-site habitat selection, territory density, 
and nest survival to silvicultural treatments, and (3) to examine the relationship between 
anthropogenic disturbances and cerulean abundance and occurrence in the Cumberland 
Mountains. 
Cerulean Warblers consistently selected territories and nest sites that differed 
from the available habitat in 2005 and 2006.  Specifically, ceruleans on Royal Blue 
tended to choose areas with larger trees that provided more overstory cover with more 
vines whereas ceruleans on Sundquist selected for more open conditions.  This variation 
may be driven by the current habitat conditions on Royal Blue and Sundquist WMA.  
There were consistently more cerulean territories on Royal Blue than Sundquist.  
Cerulean Warbler nest survival during 2005 and 2006 was affected by temporal (year and 
nest stage) and habitat-related factors.  Cerulean micro-site selection within the nest tree 
appeared to be linked to nest survival.    
  The study plots on Royal Blue and Sundquist WMAs were subjected to either a 
modified-shelterwood, shelterwood, or single-tree selection treatment; one plot per site 
was a control.  Each treated plot on Sundquist gained at least one territory after the 
harvest; the treated plots on Royal Blue maintained the same number of territories.  Nest 
success was lower in 2007 than in 2005; nest site selection did not differ between years.  
Continued study is needed to examine the effect of the silvicultural treatments on 
cerulean habitat selection, territory density and nest survival over time. 
Cerulean Warbler abundance and occurrence did not change with distance from 
the edge of clearcuts, mines, and older successional disturbances.  These findings suggest 
that the current configuration of forest and edge habitat in the Cumberland Mountains 
may not have a significant effect on cerulean distribution.  We do not know whether 
habitat quality in terms of fecundity differs between edge and interior forests.  This is an 
 vi




The Cerulean Warbler ( Dendroica cerulea ) is a Nearctic-Neotropical migrant that 
breeds in mature forests in eastern North America.  The range-wide population of this 
species has been declining rapidly since at least 1966.  The Cumberland Mountains in 
Tennessee are in the core of the ceruleans breeding range and support one of the highest 
population densities.  This region is therefore critical for conservation to help stabilize 
populations of the species.  The objectives of this research were to (1) assess the pre-
treatment conditions on Royal Blue and Sundquist Wildlife Management Areas (WMA) 
in terms of cerulean habitat selection, territory density, and nest survival, (2) summarize 
the initial response of cerulean nest-site habitat selection, territory density, and nest 
survival to silvicultural treatments on Royal Blue and Sundquist WMA, and (3) to 
examine the relationship between anthropogenic disturbances (clearcuts, mines, and older 
successional gaps) and cerulean abundance and occurrence in the Cumberland 
Mountains.   
  Cerulean Warblers consistently selected territories and nest sites that differed 
from the vegetation at random points in 2005 and 2006 (Part 2).  Specifically, ceruleans 
on Royal Blue tended to choose areas with larger trees that provided more overstory 
cover and more vines in the overstory.  Ceruleans on Sundquist, however, selected for 
areas with smaller trees, less overstory cover and fewer vines in the overstory.  This 
variation may be driven by the different disturbance histories and current habitat 
conditions on Royal Blue and Sundquist WMA.  There were consistently more cerulean 
territories on Royal Blue than Sundquist, and there was more potential cerulean habitat 
on Royal Blue predicted by a Mahalanobis distance habitat model for Cerulean Warblers 
in the Cumberland Mountains (Buehler et al. 2006).  The daily survival rate (DSR) of 
Cerulean Warbler nests was greater in 2005 (0.98 ± 0.007, overall nest success:  0.663 ± 
0.122) than in 2006 (0.94 ± 0.016, overall nest success:  0.289 ± 0.113); the brooding 
stage in 2006 had a greater DSR (0.99 ± 0.012) than the incubating stage (0.93 ± 0.023).  
Cerulean Warbler DSR during 2005 and 2006 was affected by temporal and habitat-
related factors.  The most well-supported nest survival model in the final model set (using 
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Akaikes Information Criterion, AIC c; final model set included the temporal, nest patch, 
and nest site model sets) included year, nest stage (incubating, brooding), and three 
variables that described the nest s placement within the nest tree (nest height, the distance 
from the nest to the top of the nest trees  canopy, and the distance from the nest to the 
outer edge of the nest trees canopy).  Cerulean Warblers micro-site  selection within the 
nest tree appeared to be linked to nest survival.    
The study sites on Royal Blue and Sundquist WMAs were made up of four 20-ha 
plots, three of which were subjected to one of the following silvicultural treatments:  
modified-shelterwood with 4.6 m 2 residual basal area/ha (20 ft 2/ac; actual post-harvest 
basal area [BA]:  9.8-10.0 m 2/ha), shelterwood with 12.6 m 2 residual basal area/ha (55 
ft2/ac; actual post-harvest BA:  16.4-20.3 m 2/ha), and single-tree selection with 17.2-18.3 
m2 residual basal area/ha (75-80 ft 2/ac; actual post-harvest BA:  21.8-22.1 m 2/ha; Table 
3.1, Part 3).  One plot on each site remained unharvested as control for comparison 
purposes.  The initial response of Cerulean Warblers to the timber harvest treatments was 
most noticeable on Sundquist, where the pre-treatment conditions of the forest were more 
uniform, with fewer canopy gaps.  Each treated plot on Sundquist gained at least one 
territory after the harvest, with new territories often being situated inside harvest 
boundaries where no ceruleans occurred previously.  On Royal Blue, the cerulean density 
was already great, so the harvest did not appear to improve the habitat conditions there in 
the short term.  Territories on the heavy treatments appeared to increase in size to 
encompass both harvested and unharvested areas.  Territory number decreased in the 
control unit on Royal Blue and increased in the control unit on Sundquist for unknown 
reasons.  The overall nest success in 2007 (0.256 ± 0.080) was much less than the nest 
success of 2005 (0.663 ± 0.122).  The survival probability for the brooding stage in 2007 
(0.545 ± 0.117) was less than the survival probability for the brooding stage in 2005 (0.94 
± 0.06) and 2006 (0.90 ± 0.10).  The opened canopy surrounding many of the nests 
increased the visibility of the nest as adult ceruleans provisioned nestlings, possibly 
increasing the risk of predation.  Both territories and nest sites were located in proximity 
to timber harvest gaps more often than other gap types, probably because of the 
prevalence of these new gaps.  There were no differences in cerulean nest-site selection 
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between the pre-treatment years and the first year after the harvest.  Continued study is 
needed in subsequent breeding seasons to examine the effect of the silvicultural 
treatments on cerulean habitat selection, territory density and nest survival over time.  
Cerulean Warbler abundance and occurrence did not change with distance from 
the edge of clearcuts, mines, and older successional disturbances (Part 4).  About 40% of 
the cerulean occurrences were recorded 100 m or less from the edge in question, 
suggesting that ceruleans did not avoid the types of gaps present in the Cumberlands.  
The disturbance types did not differ in overall size, but the clearcut sites had a 
significantly greater average width and maximum width than the mines and the older 
successional gaps.  Timber harvests in general encompassed broader areas regardless of 
elevational contours, whereas the contour mines and older successional gaps (which were 
often old contour mines) often were more restricted to a given elevational gradient in the 
Cumberlands.  The vegetation characteristics measured between 50 m and 650 m from 
the edge of each disturbance type did not change significantly, indicating that the forest 
type surrounding each gap was consistently mature forest.  These findings suggest that 
the current configuration of forest and edge habitat in the Cumberland Mountains may 
not have a significant effect on Cerulean Warbler abundance or occurrence.  We do not 
know whether habitat quality in terms of fecundity differs between edge and interior 
forests.  This is an important research need as the Cumberland Mountains become more 
fragmented by human development. 
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Cerulean Warblers ( Dendroica cerulea ) are canopy-nesting Nearctic-Neotropical 
migrants that breed in mature deciduous forests in eastern North America and winter in 
the Andes Mountains of northern South America (Hamel 2000a, Jones et al. 2000).  
Cerulean breeding range extends from southern Ontario west to eastern Oklahoma and 
south to northeastern Georgia (Figure 1.1, Hamel 2000a).  The species is not uniformly 
distributed across its breeding range; it is widespread in some regions and locally 
abundant in others (Hamel 2000a).  Cerulean Warblers no longer breed in great numbers 
in some areas where they were once widespread, such as the Mississippi Alluvial Valley 
and the Ohio River Valley, where there has been great loss of bottomland hardwood 
forest in the last century (Smith et al. 1996).  Recent evidence suggests that ceruleans 
may be expanding their breeding range north into Ontario and Quebec, regions where 
they did not occur historically (Hamel 2000a).    
The ceruleans range-wide population has been declining since 1966 (3.98% per 
year from 1966-2006; Sauer et al. 2007).  For this reason, they are listed by Partners in 
Flight (PIF) as one of the top priority species for conservation action in the eastern 
deciduous forest region and as a Continental Watch List species for North America 
(Hamel 2000a, 2000b, Hamel et al. 2004, Buehler et al. 2006).  Partners In Flight 
recommends immediate management as the most important conservation action to 
improve or maintain the population status of this species.  The Cerulean Warbler was also 
listed as a Vulnerable Species by the International Union for the Conservation of Nature 
and Natural Resources in 2004 (Birdlife International 2004).  Cerulean Warblers were 
petitioned to be listed as a Threatened Species under the Endangered Species Act in 2000 
(USFWS 2002).  In December of 2006, the U.S. Fish and Wildlife Service found this 
petition to be not warranted based on current knowledge about the ceruleans status 
(USFWS 2006). 
There are several proposed factors contributing to this population decline.  
Fragmentation and loss of existing mature deciduous forest in some regions and clearing 
of floodplain forests for agriculture along the Mississippi River may have had the greatest 
negative effect on the breeding grounds of the Cerulean Warbler.  Another possible cause 
for the decline on the breeding grounds is lack of appropriate forest structure.  Areas that 
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are experiencing an increase in mature forest cover may not provide suitable cerulean 
breeding habitat if the forest structure is too homogenous.  Reduced survival because of 
loss of stopover and wintering habitats are also likely cau ses of the ceruleans global 
population decline (Robbins et al. 1992, Hamel 2000b, Nicholson 2004).  Cerulean 
Warblers spend the winter months on the eastern slope of the Andes Mountains in 
northern South America, often between elevations of 500-2,000 m (Robbins et al. 1992).  
Reduced survival because of alteration of the humid evergreen forests of this region for 
human use may be a key factor causing the decline of the Cerulean Warbler as well as 
other Neotropical migratory songbirds (Morse 1980, Robbins et al. 1989, Rappole and 
McDonald 1994, Jones et al. 2000).   
Cerulean Warblers are more abundant in the Cumberland Plateau physiographic 
province (specifically the Cumberland Mountains), than in most other portions of their 
breeding range (Rosenberg et al. 2002).  The Cumberland Mountains are part of the 
Appalachian Bird Conservation Region (BCR) 28, which supports about 80% of the 
ceruleans breeding population (Figure 1.1 1, Rosenberg et al. 2002, Buehler et al. 2006).  
Although ceruleans are abundant in this region and have high documented breeding 
densities, the population on the Cumberland Plateau declined 3.38%/yr from 1966-2006 
based on analysis of Breeding Bird Survey data (Sauer et al. 2007).  In addition, this 
population declined at a great er rate during the 1980s th an populations throughout the 
rest of the ceruleans breeding range (V illard and Maurer 1996, Nicholson 2004).   
Because of its high Cerulean Warbler abundance, large interior forest tract sizes and 
minimal fragmentation, the Cumberland Mountains have great potential for management 
of this species (Hamel 2000b, Wear and Greis 2001).  Ceruleans have a greater density in 
the Cumberland Mountains than other areas within the physiographic province, making 
conservation and active habitat management of this region vital to the conservation of the 
species (Nicholson 1997).   
Large portions of the Cumberland Mountains are currently owned and managed 
by state agencies (Tennessee Wildlife Resources Agency, TWRA, and Tennessee 
Department of Environment and Conservation, TDEC), as well as coal and timber 
1 All tables in figures in Appendix 
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companies.  Forest management practices have the potential to directly alter the existing 
landscape configuration and age class distribution of deciduous forests in the Cumberland 
Mountains, which may affect Cerulean Warbler habitat availability in this region 
(Buehler et al. 2006, Bulluck 2007).   
The remainder of this thesis is divided into three parts based on the primary 
objectives of my research.  In Part 2, I discuss and compare the pre-treatment conditions 
of my study sites in the Cumberland Mountains, including Cerulean Warbler territory 
density, nest survival, and habitat selection.  In Part 3, I examine the initial effects of the 
silvicultural treatment on Cerulean Warbler territory density, nest success, and nest-site 
habitat selection.  In Part 4, I analyze the relationship of large-scale human created 
disturbances across the landscape in the Cumberland Mountains with Cerulean Warbler 
abundance and occurrence.   
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Figure 1.1 – Breeding range of the Cerulean Warbler (sensu. Hamel 2000a, adapted and 
modified from Dunn and Garrett 1997).  
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Figure 1.2 – Partners in Flight (PIF) Bird Conservation Regions (BCR) in North 
America.  The Appalachian Bird Conservation Region (BCR 28) supports about 80% of 







Figure 1.3 - The Cumberland Mountains physiographic province in Campbell County, 
Tennessee (see inset).  Suitable Cerulean Warbler habitat is based on a Mahalanobis 
Distance model (Buehler et al. 2006) using seven remotely-sensed variables.  The study 
sites in Royal Blue Wildlife Management Area (WMA) and Sundquist WMA are shown 
in red. 
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2. CERULEAN WARBLER BREEDING HABITAT SELECTION 
AND FACTORS RELATED TO DAILY NEST SURVIVAL IN 
THE CUMBERLAND MOUNTAINS  
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INTRODUCTION
Cerulean Warbler Natural History on the Breeding Grounds 
Cerulean Warblers are small, insectivorous wood warblers in the family 
Parulidae.  They usually weigh between 8-10 g and have a mean length of 11.5 cm 
(Hamel 2000a).  During the breeding season, they feed primarily on homopteran, 
hymenopteran, and coleopteran insects and larval lepidopterans, with lesser amounts of 
invertebrates taken from the orders Diptera, Hemiptera, and Araneae (Hamel 1992, 
Hamel 2000a).   
The mean territory size of breeding male Cerulean Warblers in Ontario was 1.04 
ha ± 0.16 SE (n = 18, range: 0.38-2.4 ha, Oliarnyk 1996).  Ceruleans defend territories by 
singing and engaging in intraspecific physical interactions, especially early in the 
breeding season (Hamel 2000a, pers. obs.).  Males will occasionally attack individuals of 
other species (e.g., American Redstart, Setophaga ruticilla, Hamel 2000b, pers. obs.).  
Female Cerulean Warblers will attack individuals of other species as well (e.g., Cedar 
Waxwing [ Bombycilla cedrorum ], Red-eyed Vireo [Vireo olivaceus], American 
Redstart), especially if other species approach an active nest too closely or attempt to 
steal nesting material (pers. obs.).  Neither sex is a frequent participant in mobbing of 
potential nest predators, but both will attack an intruder attempting to predate their nest 
(Hazler et al. 2004, pers. obs.). 
The nest is built by the female over a period of 3-8 days (Hamel 2000a).  She 
usually starts with spider web to adhere nest materials to the branch, after which she often 
works in an adjacent twig to anchor the structure.  Other materials used are wild grape 
(Vitis spp.) bark, leaf litter, fine grasses, moss, and lichen (Hamel 2000a, pers. obs.).  
Nests are usually placed on primary branches of mature deciduous trees, frequently with 
a leaf from an adjoining twig covering the nest cup and an open space in the canopy 
beneath the nest branch (Nicholson 2004).  
Cerulean Warblers are considered to be monogamous and produce only one brood 
per year (Hamel 2000a).  Females usually produce 3-4 eggs per clutch and do not share 
incubation responsibilities with the male (Oliarnyk and Robertson 1996).  The male will, 
however, often feed the female while she is incubating (Barg et al. 2006b, pers. obs).  
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The nest cycle for Cerulean Warblers is typically 25 days, with a 4-day laying period, an 
11 to 13-day incubation period and a brooding period of about 9-11 days (Ehrlich et al. 
1988, Baicich and Harrison 1997, Hamel 2000a, pers. obs.).  Parents feed their fledged 
young for up to two weeks or more after departing the nest (Oliarnyk and Robertson 
1996).       
Habitat Selection 
Cerulean Warbler breeding habitat consists of large tracts of mature deciduous 
forest with canopy gaps (Robbins et al. 1992, Hamel 2000a).  The minimum tract size for 
ceruleans in the eastern part of their range is 700 ha (Robbins et al. 1989), but ceruleans 
have been documented in tracts as small as 20-30 ha in Ohio (Peterjohn and Rice 1991, 
also see Jones and Robertson 2001) and as large as 1600 ha in Tennessee (Robbins et al. 
1989); ceruleans are regularly found in patches greater than 2000 ha in size in the 
southeastern region (Rosenberg et al. 2000).  Historically, the species occupied the once 
extensive old-growth bottomland hardwood forests of the Mississippi Alluvial Valley 
(Hamel 2000a).  Now, however, it breeds there at a lower density and appears to be 
expanding its breeding range north to encompass parts of Ontario and Quebec (Ouellet 
1967, Eagles 1987, Oliarnyk and Robertson 1996).  A possible reason for this expansion 
is the reforestation of parts of southeastern Ontario that were originally cleared by 
European colonists (Oliarnyk and Robertson 1996).   
Wood et al. (2006) reported that Cerulean Warblers in southwestern West 
Virginia were found on productive slopes and ridgetops with many snags, few saplings, 
and within large tracts of mature, undisturbed forest.  Jones and Robertson (2001) found 
that ceruleans in Ontario occupied sites that had well-spaced, larger diameter trees with 
dense canopies and greater basal area than unoccupied sites.  Similarly, Nicholson (2004) 
found that cerulean territories in the Cumberland Mountains of Tennessee were found on 
more mesic sites with fewer and larger trees and a greater basal area.  In Big Oaks 
National Wildlife Refuge, Indiana, the likelihood of encountering a cerulean increased as 
the number of woody stems increased and the number of trees decreased, which generally 
describes a mature forest setting (Varble 2006).  Also in Indiana, cerulean territories were 
associated with steeper slopes, often near streams (Roth 2004).  In general, a mature 
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hardwood forest that provides vertical complexity and heterogeneity is considered to 
provide suitable breeding habitat for Cerulean Warblers (Lynch 1981, Hamel 2000a).         
Cerulean Warblers may form dense aggregates of breeding territories in suitable 
habitat (Bagg 1900, Hamel 2000a, Oliarnyk and Robertson 1996, Roth and Islam 2006).  
This behavior may be related to habitat selection or social selection (Roth and Islam 
2006).  If habitat selection is the primary mechanism causing this territorial clustering, 
the principle of additive clumping, which i ndicates that clumped territories coincide 
with clumped suitable habitat, may be occurring (Danchin and Wagner 1997).  Roth and 
Islam (2006) postulated that the amount of clustering in a region may be directly 
proportional to the amount of quality habitat in the region.  When social selection drives 
clustering, conspecifics may use a first colonizer as a cue, thus choosing to establish 
territories in proximity to the colonizer (Stamps 1988).  Whichever selection mechanism 
is used, the areas of greater cerulean density in the already densely-populated Royal Blue 
Wildlife Management Area (WMA) suggest that this species may exhibit this behavior 
under optimal conditions (pers. obs.).    
Several studies have found that this species does not avoid internal canopy 
disturbances caused by various factors such as natural treefall gaps, roads, ice-storms, 
and silvicultural management (Jones et al. 2001, Bosworth 2003, Weakland and Wood 
2005, Wood et al. 2005, Wood et al. 2006).  Gaps may be an important component of 
nest-site selection for ceruleans in Ontario (Jones and Robertson 2001).  However, recent 
evidence suggests that cerulean males in Ontario may be selecting more for canopy tree 
structure (emergent trees that leaf out later) than for presence of gaps (Barg et al. 2006a).  
These emergent trees may be used as singing posts, and are often within the core area of 
males territories, where they can communicate with neighbors while maintaining 
awareness of their nests (Barg et al. 2006a).  Core areas of cerulean territories in West 
Virginia had high canopy gap densities, with the smallest territories incorporating the 
highest gap densities (Perkins 2006).  This suggests that the gaps provide the diverse 
singing substrate required by territorial males as well as suitable habitat for foraging and 
collecting nest-building material.     
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Nest Site Selection and Nest Success 
Cerulean Warbler nest sites have been characterized by traits similar to those of 
cerulean territories, but often with key differences that may enhance nest survival.  For 
example, Nicholson (2004) found a greater sapling density at nest sites, and Varble 
(2006) found a greater woody stem density in the patches surrounding nest sites.  Also, 
Oliarnyk and Robertson (1996) described nests that were associated with understory 
vegetation and canopy gaps.  Jones and Robertson (2001) found the nest sites in their 
study area to be characterized by a few large trees, dense foliage cover above 12 m, and a 
greater basal area than what was available at random.  These dense lower strata around 
the nest may provide necessary cover for fledglings (Varble 2006) or improved foraging 
opportunities for parents feeding chicks. 
 Cerulean Warbler nest success can be affected by temporal factors, predation, or 
brood parasitism (Oliarnyk and Robertson 1996, Jones and Robertson 2001, Jones et al. 
2001, Nicholson 2004, Varble 2006).  The habitat characteristics of the nest site may 
influence its success by affording visual obstruction from predators and nest parasites or 
cover from the elements (Martin and Roper 1988).  Jones and Robertson (2001) found 
that successful nests were usually in areas with greater cover above 18 m and between 6 
and 12 m.  They also found that individuals that experienced a nest failure constructed 
their new nests in areas with greater canopy and midstory cover (Jones and Robertson 
2001).  Male ceruleans appear to choose territories that supply more than one suitable 
nest site (Jones and Robertson 2001).  This quality of a territory may make it more 
attractive to females while decreasing the risk of predation by providing more areas for 
potential predators to search (Martin and Roper 1988). 
 Cerulean Warbler nest success varies greatly across its breeding range and from 
season to season within one location (Jones et al. 2001, Buehler et al. 2008).  The 
population in eastern Ontario tends to experience great nest success with low levels of 
nest predation and brood parasitism (Oliarnyk and Robertson 1996, Jones and Robertson 
2001).  For this reason, it is possible that this relatively new northern population may 
provide a source region for the species (Oliarnyk and Robertson 1996).  Populations that 
breed in residual forest patches within agricultural landscapes tend to have lower nest 
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success and higher rates of brood parasitism (Peck and James 1987 in Oliarnyk and 
Robertson 1996, Roth 2004, Varble 2006, Buehler et al. 2008).  Nest predators and brood 
parasites are often more abundant in fragmented landscapes, possibly increasing the 
likelihood of nest failure (Wilcove 1985).  Unusually cold, rainy, or stormy weather may 
decrease prey availability and cause nest failure (Nicholson 2004, pers. obs.).  Severe 
weather events such as ice-storms may also cause typically highly productive populations 
to have temporarily reduced nest success because of decreased insect abundance (Jones et 
al. 2001).           
This study is part of a forest management experiment and represents a pre-
treatment habitat assessment.  Two sites were used for this study:  Royal Blue WMA and 
Sundquist WMA.  Both sites are in Campbell County in the Cumberland Mountains of 
Tennessee.  The two sites have different disturbance histories which may affect the 
number of breeding ceruleans in either area.  There are more canopy disturbances across 
Sundquist WMA (recent clearcuts, contour mines), but the remaining patches of forest 
tend to be very dense with uniform overstory cover.  Royal Blue WMA has experienced 
fewer significant canopy disturbances in recent decades, but the forest canopy tends to be 
less dense, with numerous small canopy gaps.  While both sites have experienced surface 
mining in the past, the slope above the study plots in Sundquist WMA was mined more 
recently.  As a result, a long narrow gap in the canopy, including a tertiary road, exists 
along this contour.  Most of the Cerulean Warblers associated with our study plots in 
Sundquist WMA tended to situate their territories adjacent to this gap, whereas the 
ceruleans in Royal Blue WMA were more evenly distributed across the landscape.        
My research goals for this portion of my project were to assess the pre-treatment 
conditions on Royal Blue and Sundquist WMAs and to determine if there were 
differences in a) cerulean habitat selection between territories, nest sites, and randomly 
located points, b) cerulean density between the two sites, and c) cerulean nest survival 
between the two sites and between years (2005-06).  I hypothesized that there were 
differences between the Royal Blue and Sundquist study sites in regard to habitat 
characteristics and Cerulean Warbler density and that differences in nest survival were a 
function of temporal variation and vegetation characteristics.    
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STUDY AREA 
The Cumberland Mountains are a unique landform that extends out of the 
Cumberland Plateau physiographic province which covers about 7500 km 2 in Tennessee, 
Kentucky, and Virginia (Nicholson 2004).  The elevation of the area ranges from 250 to 
1075 m (mean = 580 m), with about 72.6% of the land cover in Tennessee being mature 
mixed mesophytic forest dominated by maple ( Acer spp.), hickory ( Carya spp.), tulip tree 
(Liriodendron tulipifera), black cherry ( Prunus serotina), and oak (Quercus spp., Bulluck 
2007).  The average annual precipitation from 1971-2000 at the Lancing 6 NW climatic 
data center, located in Morgan County, TN about 35 km WSW of the Sundquist study 
area, was 131.78 cm (NCDC 2002).  The average monthly precipitation during May, June 
and July for this period was 12.62 cm, 13.26 cm, and 13.44 cm, respectively (NCDC 
2002).  Current land uses in the area are coal mining, forest management, recreation, 
limited agriculture, and an increasing amount of human development (Buehler et al. 
2006).   
In the Cumberlands, Cerulean Warblers occur primarily on north- to east-facing 
slopes on steep ridges within upland mixed-mesophytic forest.  According to the habitat 
model developed by Buehler et al. (2006), there are currently over 80,000 ha of potential 
cerulean habitat distributed throughout the region, with an estimated 44,804 breeding 
pairs (95% confidence inte rval, 23,360  65,600 pairs).    
Our study sites were located in Campbell County in the Royal Blue Wildlife 
Management Area (21,000 ha) and Sundquist Wildlife Management Area (34,000 ha; 
hereafter Royal Blue and Sundquist).  The wildlife resources and timber rights on Royal 
Blue are owned and managed by TWRA, whereas the mineral rights are owned by the 
Tennessee Valley Authority (TVA).  On Sundquist, the wildlife and timber resources are 
also owned by TWRA, whereas private companies own the mineral rights.  Lyme Timber 
Company has leased the timber rights on Sundquist for a 10-year period. 
Plot design 
 In May 2005, we consulted with TWRA, TVA, National Coal Corporation, and 
Fountain Forestry to determine locations for the two study sites for this project that were 
relatively distant from recent timber harvest and mining disturbances.  Using a habitat 
model for Cerulean Warblers in the Cumberland Mountains (Buehler et al. 2006 , Figure 
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2.1) and maps of future mining and timber harvesting operations, we positioned the 
Royal Blue site on the eastern-facing slope of Cross Mountain and on the ridge top of 
Adkins Mountain, including portions of both the northeast and southwest-facing slopes 
(Figure 2.2).  We located the Sundquist site on the northeast-facing slope of Red Oak 
Mountain (Figure 2.3).  Both sites are in Campbell County, TN.  Each study site consists 
of four 20-ha plots with the following dimensions:  ~636 m x 316 m, which includes a 
10-ha treatment block bounded by two 5-ha buffers, one on each end (Figure 2.2).  
Adjacent plots were at least 300 m apart to ensure independence of treatment effects.     
 The plot corners were identified using digital raster graphic maps (DRG) of the 
region in ArcView 3.2 and were located in the field using a Garmin Global Positioning 
System (GPS).  The boundaries of each plot were then created by connecting the corners 
using compasses and tree marking paint.  In the same manner, 4 to 6 transects were 
delineated on each plot.  Each transect was 75 m apart and traversed the plot generally on 
the contour (typically northwest to southeast).  Listening stations were established at 50-
m intervals along each transect for use in spot-mapping.
METHODS
Delineation of Cerulean Warbler territories 
 We conducted spot-mapping censuses in each of the study plots between 15 May 
and 20 June 2005-06 to record population density of all forest birds, including Cerulean 
Warblers (Robbins 1970).  Censuses were conducted from sunrise to 1100 and each plot 
was visited 8 times.  The length of time required to census a plot depended on terrain and 
bird activity, but censuses were usually completed within 4 hours.  Two observers spot-
mapped each plot simultaneously, starting at opposite ends and working toward the 
center of the plot.  If inclement weather necessitated the cancellation of an incomplete 
spot map, we visited that plot an additional time. 
In addition to determining population density estimates from spot mapping, we 
visited each cerulean territory within the study area regularly to search for nests.  The 
time we spent observing adults in each territory enabled us to determine the boundaries of 
the defended area and become familiar with preferred song perches.  I used the 
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information about the territories provided by these methods to further refine the density 
estimates provided by the spot mapping. 
 We compiled daily occurrences of birds (registrations) onto individual species 
maps created in Adobe Illustrator 10 (Figure 2.4, compiled on paper maps in 2005).  Each 
visit to a plot was given a unique color, so registrations for all species observed on that 
date were recorded using the corresponding color.  This enabled us to delineate clusters 
of registrations as individual territories became apparent after several visits to a plot.   
 I used these maps to quantify the number of Cerulean Warbler territories in the 
buffers and treatment units of each plot, following specific rules for the counting of 
registrations.  A minimum of two observations recorded on two different days were used 
to designate a territory because we conducted eight visits per plot (Bibby et al. 1992).  If 
we did not consistently encounter a particular individual during spot mapping that was 
known to occupy a territory from other research activities (e.g., nest searching or 
banding), I included this territory in the total for that plot.  In this way, I used the 
anecdotal information we obtained through our familiarity with the territories to augment 
the spot mapping counts.   
To delineate the number of territories within each plot, I counted only one 
registration per territory per day.  If the bird was shown to move across a border (plot 
boundary) during one visit, I considered the registration to belong in the section where it 
began.  I counted total territories according to the percentage of registrations of each 
territory that fell within the plot.  If two-thirds of the registrations for a territory fell 
within the plot boundary, I considered it a whole territory.  For a partial territory, as long 
as one-third of its observations occurred within the plot boundary, I counted it as a half-
territory.  This approach tended to slightly inflate territory densities over actual values.                     
Nest monitoring 
 We searched for cerulean nests from May to June 2005-06 by systematically 
searching cerulean territories and observing behavioral cues.  Once found, each nest was 
monitored through completion or failure.  We observed all nests for 15 minutes to 1 hour 
every 1-3 days; pertinent events such as duration of incubation and feedings were 
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recorded during observation periods.  The number of chicks prior to fledging was 
estimated using binoculars and in some cases, a spotting scope.   
Habitat Evaluation 
 We collected one vegetation data point at each territory and nest location and at 
20 randomly-placed points per plot using a point-centered method with a fixed radius of 
11.3 m (James and Shugart 1970, Martin et al. 1997, Jenness 2005).  The territory points 
were located at the geographic center of the territory, and the nest points were centered at 
the spot directly below the nest.  
 At each vegetation sample point, we measured basal area using a 2.5 m 2/ha basal 
area factor prism and recorded the species and diameter (cm) at breast height (DBH) of 
all trees recorded as in (James and Shugart  1970).  We measured the height (m) of a 
representative canopy tree (a dominant tree whose height did not exceed the average 
height of trees in the stand) using a clinometer.  On the territory sites, we measured the 
height (m) of a representative tree used as a singing perch.  We recorded the presence of 
vines by tallying the number and species of vines occurring on in trees in the prism 
plot.  Vines were assigned to one of three height classes (understory, midstory, or 
overstory).  We recorded slope and aspect at each plot using a clinometer and compass.   
We counted saplings and shrubs within a 3-m radius of point center.  Saplings 
were defined as woody stems at least 1.5 m tall and less than 10 cm in diameter.  Shrubs 
were defined as woody plants with multiple stems or woody tree seedlings that were 
greater than 0.5 m and less than 1.5 m in height.  For both saplings and shrubs, we 
counted the number of stems within the 3-m radius and estimated the average height and 
percent cover.    
We used ocular tube readings to measure the percent cover of vegetation at 2.26- 
m intervals along 2 transects across the plot in the cardinal directions.  With one reading 
at point center, this approach yielded a total of 21 reading locations per vegetation plot.  
Presence or absence of foliage was recorded in each of 7 height classes:  0.5-1.5 m, 1.5-3 
m, 3-6 m, 6-12 m, 12-18 m, 18-24 m, and over 24 m.  We tallied presences for each 
height class and calculated the percent cover as the total number of hits per height class 
out of 21 reading locations.  I then combined the height classes into three categories for 
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analysis:  understory (0.5-1.5 m, 1.5-3 m, 3-6 m), midstory (6-12 m, 12-18 m), and 
overstory (18-24 m, over 24 m).  I calculated the percent overstory cover along the north-
south and east-west transects of each vegetation point.  To account for spatial canopy 
cover variability, I calculated the standard deviation between these two variables.  As an 
additional measure to account for horizontal variability in the higher strata of the forest, I 
calculated the standard deviation between the overstory and midstory canopy classes.       
At the nest locations, we recorded additional data that described the specific nest 
site attributes.  We recorded the nest tree species, DBH, and height as well as the nest 
height and the distance from the nest to the top of the nest tree.  We estimated the nest 
limb diameter, distance from the bole of the tree to the nest, the distance from the nest to 
the outer edge of the nest tr ees canopy, and the nest limb an gle (horizontal, vertical or 
90°, intermediate).   
For both nest sites and territory locations, we estimated the distance from the 
point center to the nearest canopy gap at least as large as the canopy diameter of a 
representative tree (~ 10 m).  I included gaps with tall vegetation because a gap at the 
overstory level can likely be as important to this canopy species as a gap that reaches to 
the forest floor (Perkins 2006).  I classified the types of gaps encountered into eight 
specific categories:  1.) natural treefall, 2.) grapevine impeded areas (lower area in the 
canopy covered by grapevine [ Vitis spp.]), 3.) small clearings maintained by TWRA 
(usually adjacent to a road or All Terrain Vehicle [ATV] trail), 4.) main road (usually a 
tertiary dirt road that created a linear canopy gap), 5.) old strip mining high-wall, 6.) 
patch of early successional vegetation (usually blackberry [ Rubus spp.]) greater in size 
than a treefall gap, 7.) smaller ATV trail that creates a narrower opening than a main 




 I calculated the number of Cerulean Warbler territories for each study plot on 
Royal Blue and Sundquist using the methods outlined above.  I then tested for differences 
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in territory density between study sites and years using two-sample t-tests assuming 
unequal variances (Microsoft Excel 2003). 
Habitat analysis 
 I summarized the habitat data at cerulean nest sites, territory sites, and random 
sites by compiling annual means and standard errors for each variable (Table 2.3, 2.4, 
2.5).  For categorical variables, I reported the percent occurrence of the class (i.e. nest-
tree species, nest limb angle) that occurred most frequently.  I tested for pair-wise 
differences in nest micro-site parameters between study sites and years using two-sample 
t-tests assuming unequal variance s.  I used Beers et al.s (1966) sine-transformation to 
convert the recorded aspects from de grees to values ranging from 0  2: 
A = cos (45  A) + 1,  
where A = aspect (range:  0-360 °) and A = new aspect code .  This transformation re-
scaled the azimuth values, giving more weight to aspects of productive slopes (northeast 
= 2, southwest = 0).   
 I then screened the data for outliers and highly correlated variables before 
continuing with the analyses (Hintze 2006).  I tested each vegetation variable for 
univariate normality (Shapiro-Wilks value  0.9) and homogeneity of variance 
(Levenes test, P  0.05).  Three of the variables did not meet the assumption of 
univariate normality:  shrub cover, overstory cover, and the standard deviation between 
the overstory cover along the North-South transect and East-West transect (SD_NS).  I 
log-transformed shrub cover and SD_NS and squared the values of overstory cover to 
meet this assumption.  Shrub cover is a variable that indicates percent cover, where many 
of the records were zeros.  I therefore added 0.5 to each shrub cover value before log-
transforming it to account for these zeros.   
To evaluate differences between the vegetative characteristics by year, site, and 
point type, I used a completely randomized design, 3-way mixed model analysis of 
variance (ANOVA; Proc MIXED; SAS/STAT software, SAS Version 9.1.3).  The fixed 
effects were year (2005-2006), site (Royal Blue, Sundquist), and point type (random 
point, territory, nest).  The model tested for main effects and all possible two-way and 
three-way interactions.  If differences were detected, I used the least-significant 
difference test (LSMEANS / PDIFF; SAS/STAT software, SAS Version 9.1.3) to 
determine the nature and direction of the effect.  Because I ran this test on nine vegetation 
variables, I used the following Bonferroni correction: 
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where n = the number of tests and  = 0.10.  The resulting adjusted  was 0.0116.  The 
nine vegetation variables evaluated in this ANOVA model were basal area (BA), average 
diameter at breast height (Avg_DBH), sapling cover (SapCover), log of shrub cover 
(logShrubCover), understory (under), midstory (mid), overstory squared (sqOver), 
standard deviation between the overstory cover along the north-south and east-west 
transects (SD_NS), and standard deviation between the midstory and overstory 
(SD_mid).  All values reported were back-transformed for ease of interpretation (Table 
2.6).      
 We recorded the presence of vines by species and height category (understory, 
midstory, or overstory) on each vegetation point.  Because these variables are binary, 
they were analyzed separately using the three dimensional non-parametric Cochran-
Mantel-Haenszel (CMH) test (Proc FREQ; SAS Institute 2003, A. Reed, pers. comm.).  
This method is similar to, and in fact incorporates, a chi-square test, but is able to test in 
more than two dimensions.  In this case, it calculated the frequency of occurrence of 
vines in the overstory (VinesOver) by year, site and point type (random, territory, nest 
site).  The grouping variables (site and point type) are compared on a binary response 
(occurrence of vines) while adjusting for a control variable (year).  The null hypothesis of 
the CMH test was that the response was conditionally independent of the treatments in 
any given strata.  In other words, a true null hypothesis indicates that the distribution of 
vine occurrences was independent of site and point type in any given year.  The 
deviations from the expected counts (reported in parentheses) with an absolute value of 2 
or greater identify values that departed markedly from expected under the model of 
independence.  Positive deviations indicated counts that occurred more than expected, 
and negative deviations indicated counts that occurred less than expected.   
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Nest Survival 
 I used Mayfields (1975) method to de termine overall Cerulean Warbler nest 
success.  I did not include the building stage because a nest is only certain to be active if 
it contains at least one egg.  It is difficult to determine the transition between the laying 
and incubating stage for this species because we were generally unable to observe the 
contents of the nests as eggs were added to the clutch.  I therefore calculated daily 
survival rates for the two stages that were readily observable:  incubating and brooding.  
However, I incorporated the 4-day laying stage into the nest success calculation, which 
when combined with a 12-day incubation period and a 9-day nestling period, summed to 
a total nest cycle length of 25 days.  The overall nest success estimate for each season 
was the combined survival rate from both nest stages.  I tested for differences in stage 
survival probabilities and overall nest survival between years and study sites using chi-
square tests (Hines and Sauer 1989).       
Nest Survival modeling  
 I used Akaikes information criterion (AIC c) to model the relationship between 
daily nest survival rates (DSR) and a series of variables chosen based on a priori 
hypotheses (Burnham and Anderson 2002).  I incorporated three sets of models semi-
hierarchically into the analyses:  temporal variables, nest patch variables, and nest 
placement (or nest site) variables (Table 2.13).  The nest patch and nest site model sets 
each included the models from the temporal model set.  The nest patch model set was 
combined with the nest site model set for a final combined model set to develop a 
comprehensive model set for evaluation.    
The first model set included grouping parameters (year, site, stage) and time-
dependent variables (linear time and quadratic time within the season, Table 2.13).  
Because these models can potentially explain some of the overall variation in DSR, I 
decided a priori to use the best model from this set as the starting null model for each of 
the other model sets, thus accounting for this initial variability and testing whether 
additional vegetation covariates could explain more of the variation than the best 
temporal model did on its own (Dinsmore et al. 2002).   
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I had reason to expect variation in nest survival between years and nest stages 
(incubation, brooding) because of previous es timates derived using Mayfields (1975) 
method for nests monitored in 2005 and 2006.  I hypothesized that the annual variation in 
nest survival could be related to changes in weather patterns or predator communities 
(Fontaine and Martin 2006), and that the DSR would be greater during the brooding stage 
than the incubation stage for reasons discussed later.  I decided not to test for an effect of 
nest age because I knew a priori from previous analyses that there was most likely an 
effect of nest stage, and I wanted to test for that effect.   
In addition to testing for the influence of year and nest stage on DSR, I tested for 
a linear time trend and a quadratic time trend across the season.  When nest stage is 
modeled, a constant survival rate within each stage is assumed (Grant et al. 2005).   
Thus, modeling the effect of linear or quadratic time trends allows for temporal variation 
in DSR across the season.  Daily survival rate tends to decrease in either a linear or 
quadratic fashion as the season progresses.  Two possible reasons for this trend are the 
increased activity of nest predators (post-reproductive adults and dispersing juveniles) as 
the season progresses and less time to initiate new nesting attempts (Grant et al. 2005). 
The second model set included variables that described the vegetation associated 
with the nest patch (11.3-m radius plot, Table 2.13).  I only included vegetation 
covariates that showed a significant difference between point types (random, territory, 
nest site) in the 3-way mixed model ANOVA, thus warranting a closer examination of 
their relationship to nest patch selection and nest survival.  Because the best model from 
the first set was S (yr + stage), I used this model as the new null model and added each nest 
patch vegetation covariate to it (S (yr + stage + vegetation covariate)).  In this way, I was able to 
account for the variation caused by year and nest stage while testing for further effects of 
the vegetation covariate in question.  The variables I included in this model set were 
average diameter at breast height (DBH), natural log of shrub cover, understory cover, 
overstory cover squared, presence of vines in the overstory, and the Beers et al.s (1966) 
transformed aspect.  Considering the current understanding of quality Cerulean Warbler 
breeding habitat, I hypothesized that DSR would increase with increasing average 
diameter at breast height, overstory cover, aspect and with the presence of vines in the 
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overstory, and that it would decrease with increasing shrub cover and understory cover 
(Hamel et al. 1994 in Hamel 2000a).   
The third model set included variables that described the actual placement of the 
nest within the nest tree (Table 2.13).  I included all of the nest site-specific variables in 
this part of the analyses except for the distance from the bole of the tree to the nest.  I left 
this variable out because of potential bias incurred from differences in observer 
interpretation of the variable; it is possible that the variable as recorded does not reflect 
the true distance from the trunk of the tree to the nest.  As with the nest patch variables, 
S(yr + stage) was used as the null model and was added to each nest site model (S (yr + stage +  
nest site covariate(s))).  I grouped the nest-site variables into models that describe similar aspects 
of nest placement.   
One of these models included nest height, the distance from the nest to the outer 
edge of the nest trees canopy (effectively th e distance from the nest to the end of the 
branch it was constructed on), and the distance from the nest to the top of the tree.  These 
variables together describe the nests placem ent within the tree.  I hypothesized that DSR 
would increase with increasing nest height, decreasing distance to the top of the tree, and 
increasing distance from the nest to the outer edge of the nest trees canopy.  
Theoretically, this combination of outcomes would situate the nest toward the center of 
the trees canopy, thus decreasing its visibility to predators and increasing its probability 
of success.   
Another model included the angle (horizontal, intermediate, vertical) and 
diameter (cm) of the nest branch, thus describing the actual positioning of the nest on its 
branch.  I hypothesized that DSR would be greater with nests that were situated on 
horizontal branches of intermediate thickness (3-5 cm), thus providing support against 
inclement weather.  A third model considered the effect of the DBH of the nest tree.  As 
with the nest-patch variable, average DBH, I hypothesized that DSR would increase with 
increasing nest-tree DBH.   
The last model included the distance from the nest to the nearest canopy gap at 
least as large as the diameter of an average-sized canopy tree.  Cerulean Warblers are 
thought to associate with such canopy gaps (Perkins 2006, but see Barg et al. 2006a), but 
it is unknown how nest survival varies with distance to gaps.  The additional substrate 
from successional vegetation may provide enhanced foraging opportunities for the 
incubating female or for parents feeding nestlings, but close proximity to a gap may put 
the nest at a greater risk of being found by predators.  My intention for including this 
model was largely exploratory. 
Modeling procedure  
 I used the nest survival option in Program MARK (White and Burnham 1999, 
Rotella et al. 2004) to compare models and to calculate daily nest survival.  Daily 








In this equation, xji (j=1,2,...,J) are the values for j covariates on day i and the j are 
coefficients that are estimated from the data (Rotella et al. 2004).  For this analysis, I 
assumed a 12-day incubation stage and a 9-day nestling stage.  I used site (n = 2), year (n 
= 2), and stage (n = 2) to create eight survival groups for the nest survival module in 
Program MARK (example:  Royal Blue, 2005, incubating, etc.).  I incorporated 80 
covariates for each nest, which included each day of the nesting season (n = 66) and the 
vegetation covariates (n = 14).  Cerulean Warbler nests were active from 30 April (first 
date of building activity) to 4 July across the two years of this study, for a 66-day nesting 
season.  Model construction was similar to Dinsmore et al. (2002) and data entry 
followed Rotella et al. (2004).  I ran a limited number of models selected a priori rather 
than running all possible combinations of variables to prevent the risk of obtaining 
arbitrary results (Dinsmore et al. 2002).  I standardized individual covariates for the 
analysis because I did not use a covariate that varied across each day of the season and 
therefore had reason to standardize the values of each individual vegetation parameter.                    
RESULTS
Nest structure and composition summary
Measurement of 6 Cerulean Warbler nests collected in 2007 yielded the following 
average dimensions:  depth, 3.03 cm; minimum lip thickness, 0.9 cm; maximum lip 
thickness, 1.25 cm; minimum inside cup diameter, 4.57 cm; maximum inside cup 
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diameter, 5.15 cm; maximum height, 3.85 cm.  The nests appeared to be made mostly of 
shredded grapevine ( Vitis sp.) bark and fine plant fibers, held together with spider 
webbing and decorated with bits of lichen.   
Cerulean Warbler density 
 Mean cerulean density across the four plots in 2005 was greater on Royal Blue 
than density on Sundquist (t = 5.31, df = 3, P = 0.013).  The Royal Blue plots contained 
more suitable habitat than the Sundquist plots based on the habitat model (Figures 2.2 
and 2.3).  There were 11.6 territories /10 ha in Royal Blue and 2.1 territories /10 ha in 
Sundquist in 2005 (Table 2.1).  Cerulean territory density was also greater on Royal Blue 
than on Sundquist in 2006 (t = 4.88, df = 3, P = 0.016).  There were 11.3 territories /10 ha 
in Royal Blue and 2.9 territories /10 ha in Sundquist that year (Table 2.1).  In general on 
Royal Blue, Plot 3 supported the most territories (n = 30 territories / 20 ha both years) 
whereas Plot 1 contained the fewest (mean = 13.75 territories / 20 ha, Table 2.2).  For 
Sundquist, Plot 4 tended to have fewer territories than the other plots (mean = 3.25 
territories / 20 ha, Table 2.2).        
Nest success   
 I calculated Mayfield nest success for the combined study areas in 2005 and 2006 
(Figure 2.5, Table 2.1, Mayfield 1975).  Of the 19 nests monitored in 2005, 14 
successfully fledged at least 1 chick and 5 failed (4 during incubation and 1 during 
brooding).  The survival probability for the brooding stage across all nests did not differ 
from the survival for the incubation stage, although sample sizes may have resulted in 
limited power ( 2 = 2.155, df = 1, P = 0.14, Hines and Sauer 1989).  The combined 
Mayfield nest survival probability during 2005 was 0.663 ± 0.122 2; the overall daily 
survival rate for 2005 was 0.984 ± 0.007.   The nest survival rate for nests found in Royal 
Blue in 2005 was 0.610 ± 0.151; the nest survival rate for nests in Sundquist in 2005 was 
0.783 ± 0.192.   Overall nest survival rates for Royal Blue and Sundquist did not differ in 
2005 ( 2 = 0.501, df = 1, P = 0.4788).    
 Of the 19 nests monitored in 2006, 9 successfully fledged at least 2 chicks and 
10 failed (9 during incubation and 1 during brooding).  The survival probability for the 
2 All standard errors reported are ± 1 SE. 
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brooding stage across all nests was greater than for the incubation stage ( 2 = 7.713, df = 
1, P = 0.0055).  The combined Mayfield survival probability during 2006 was 0.289 ± 
0.113; the daily survival rate was 0.952 ± 0.015.  The nest survival rate for nests found in 
Royal Blue in 2006 was 0.339 ± 0.150; the nest survival rate for nests in Sundquist in 
2006 was 0.204 ± 0.162.  Overall nest survival rates did not differ between Royal Blue 
and Sundquist in 2006 ( 2 = 0.374, df = 1, P = 0.5409).  However, the overall nest 
survival rate for both study sites combined in 2005 was greater than for 2006 ( 2 = 5.06, 
df = 1, P = 0.0245). 
Nest micro-site habitat characteristics  
We measured several habitat variables at each nest site to describe the physical 
characteristics of the selected location (Table 2.3).  The most commonly used nest tree 
species on Royal Blue in 2005 was sugar maple ( Acer saccharum), accounting for 38.5% 
of the nests found.  Other species used were white oak ( Quercus alba), northern red oak 
(Q. rubra), black cherry ( Prunus serotina), tulip tree ( Liriodendron tulipifera), American 
basswood (Tilia glabra ), red maple (Acer rubrum), and yellow buckeye ( Aesculus 
octandra).  The most commonly used nest tree species on Sundquist were tulip tree and 
sugar maple; 33.3% of the nests on Sundquist were found in each of these species.  Other 
species used were black locust ( Robinia pseudoacacia ) and American sycamore 
(Platanus occidentalis).   
 The most commonly used nest tree species on Royal Blue in 2006 was white 
oak, accounting for 25% of the nest trees on Royal Blue.  Other species used were 
northern red oak, black cherry, black gum ( Nyssa sylvatica), tulip tree, American 
basswood, hickory ( Carya spp.), sugar maple, and cucumber magnolia ( Magnolia 
acuminata).  The most commonly used nest tree species on Sundquist in 2006 were black 
locust and tulip tree, each accounting for 28.6% of the nests found on Sundquist.  Other 
species used were white oak, chestnut oak ( Q. montana), tulip tree, American sycamore, 
and hickory.  We did not compare the availability of tree species selected by Cerulean 
Warblers with the availability of those species across the study area. 
 The average DBH of the nest tree was 40.6 ± 4.3 cm (range = 14.7-70.3 cm) for 
nests found on Royal Blue in 2005 and 41.5 ± 7.6 cm (range = 19.9-68.3 cm) on 
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Sundquist (Table 2.3).  Mean nest height was 17.9 ± 1.4 m (range = 10.2-24.1 m) on 
Royal Blue and 19.1 ± 2.8 m (range = 11-26 m) on Sundquist.  The average distance to 
the nearest canopy gap from the nest was 21.6 ± 7.5 m (range = 0-100 m) on Royal Blue 
and 13.33 ± 2.8 m (range = 5-20 m) on Sundquist.  There were no pair-wise differences 
in nest site parameters between Royal Blue and Sundquist in 2005 (P > 0.05).   
 The average DBH of the nest tree was 44.1 ± 4.5 cm (range = 23-80.1 cm) for 
nests found on Royal Blue in 2006 and 37.6 ± 5.4 cm (range = 24-66 cm) on Sundquist 
(Table 2.2).  Mean nest height was 17 ± 0.7 m (range = 11-20 m) on Royal Blue and 19 ± 
2 m (range = 11-24 m) on Sundquist.  The distance to the nearest canopy gap from the 
nest was 18.6 ± 12.2 m (range = 0-150 m; mode = 0 m) in Royal Blue and 21.7 ± 14.2 m 
(range = 0-100 m; mode = 0 m) in Sundquist.  There were no pair-wise differences in 
nest site parameters between Royal Blue and Sundquist in 2006 (P > 0.05).  There were 
also no pair-wise differences in nest site parameters between 2005 and 2006 (P > 0.05).   
Habitat analyses
There was a significant site*point type interaction for Avg_DBH (F = 7.35, df = 
2, P = 0.0007, Table 2.6).  The Avg_DBHs for the territory points and nest sites in Royal 
Blue were similar, regardless of year (41.76 ± 0.5 cm, 42.97 ± 1.4 cm, respectively).  The 
Avg_DBHs at territory points were greater than the Avg_DBH at the random points in 
Royal Blue (41.76 ± 0.53 cm, 40.08 ± 0.56 cm, respectively).  The Avg_DBHs at the nest 
sites in Royal Blue also appeared to be greater than at the random points, but a difference 
was not found, most likely because of small nest sample size.  The Avg_DBHs for the 
territory points and nest sites in Sundquist were similar as well (36.62 ± 1.1 cm, 35.1 ± 
2.0 cm, respectively).  The Avg_DBH for the random points at Sundquist was greater 
(39.4 ± 0.6 cm) than diameters at both territory and nest points (36.6 ± 1.1 cm, 35.1 ± 2.0 
cm, respectively).  In addition, the Avg_DBHs for both the territory points and nest sites 
in Sundquist were less than any point type in Royal Blue. 
SapCover had a significant year effect (F = 8.22, df = 1, P = 0.0043, Table 2.6).  
The average SapCover was greater in 2005 (36.27 ± 2.3%) than in 2006 (27.3 ± 2.2%), 
regardless of site or point type.  There was a significant point type*year interaction for 
shrub cover (F = 4.59, df = 2, P = 0.0105).  The random points had a similar amount of 
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shrub cover as territory points for both years (random 2005:  2.68  ± 0.21%, territory 
2005:  2.21  ± 0.31%; random 2006:  4.74  ± 0.27%, territory 2006:  4.8  ± 0.41%).  The 
territory points also had similar shrub cover to the nest sites for both years (nests 2005:  
0.88 ± 0.43%; nests 2006:  11.03% ± 1.2%).  However, the random points in 2005 had a 
greater shrub cover than the nest sites in 2005 (see above estimates).  Contrastingly, the 
random points in 2006 had significantly less shrub cover than the nest sites in 2006 (see 
above estimates).  In general, the amount of shrub cover recorded in 2006 was greater 
than the amount recorded in 2005.  There were no similarities for any point type-by-year 
combination between years.  The percent cover of shrubs appeared to be greater in 
Sundquist (4.51 ± 0.36%) than in Royal Blue (2.62 ± 0.2%), but the difference was not 
statistically significant after the Bonferroni -value adjustment (F = 5.68, df = 1, P = 
0.0175). 
Average understory cover varied by point type (F = 5.95, df = 2, P = 0.0028, 
Table 2.6).  The understory covers for both the territory points and nest sites were greater 
(62.59 ± 1.8%, 67.42 ± 3.6% respectively) than the understory cover for the random 
points (57.08 ± 1.2%).  Additionally, there was a significant site*year interaction for 
understory cover (F = 10.94, df = 1, P = 0.0010).  Within Royal Blue, the understory 
cover was greater in 2006 (63.65 ± 2.3%) than in 2005 (40.87 ± 2.2%), regardless of 
point type.  Understory cover in Royal Blue (63.65 ± 2.3%) in 2006 was less than the 
understory cover in Sundquist (74.42 ± 3.2%).  Lastly, understory cover in Royal Blue in 
2005 was less than understory cover in any of the other site-by-year combinations.     
Midstory cover varied by both site and year (F = 14.79, df = 1, P = 0.0001, F = 
8.02, df = 1, P = 0.0048 respectively, Table 2.6).  Royal Blue had less midstory cover on 
average than Sundquist (73.17 ± 1.3%, 82.08 ± 1.9% respectively).  There was less 
midstory cover in 2005 than 2006 (74.35 ± 1.7%, 80.91 ± 1.6% respectively).   
Overstory varied by site*point type (F = 14.43, df = 2, P < 0.0001).  On both sites, 
overstory cover did not differ for the territory points and nest sites (Royal Blue [RB] 
territory:  85.8 ± 2.1%, RB nests:  80.9 ± 5.7%; Sundquist [SQ] territory:  72.3 ± 4.5%, 
SQ nests:  67.3 ± 8.3%).  For Royal Blue, overstory cover also did not differ between 
random points and nest sites (RB random:  80.8 ± 2.3%).  However, the random points on 
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Royal Blue had significantly less overstory cover than the territory points (see above 
estimates).  On Sundquist, the random points had greater overstory cover than both the 
territory points and nest sites (SQ random:  84.8 ± 2.2%).  There were no significant main 
effects or interactions associated with the two variables that measured canopy cover 
variability between midstory and overstory (SD_mid) and across the plot (SD_NS, Table 
2.6). 
The occurrence of vines in the overstory varied with site and point type when year 
was controlled (CMH =  17.56, df = 2, P = 0.0002).  There was a significant association 
between site and point type with regard to the occurrence of vines in the overstory in 
2005 (Pearson 2 = 15.87, df = 2, P = 0.0004), but not in 2006 (Pearson 2 = 5.49, df = 2, 
P = 0.064).  In 2005 on Royal Blue, vines occurred in the overstory considerably less 
frequently than expected on random points (-13.28) and considerably more than expected 
on territory points (11.2, Table 2.7).  Nest sites in Royal Blue had slightly more vines in 
the overstory than expected (2.08).  On Sundquist in 2005, the associations were the 
opposite:  there were more vines in the overstory than expected on random points (13.28) 
and fewer than expected on territory points (-11.2).  The nest sites in Sundquist had 
slightly fewer vines in the overstory than expected (-2.08).     
Cerulean Warblers situated their territories and nests adjacent to various types of 
natural or man-made canopy gaps in the Cumberland Mountains in 2005-2006.  I 
quantified the frequency of occurrence of each gap type by territory and nest site, 
regardless of the distance to the recorded gap (Table 2.8).  I combined the territories and 
nests for Royal Blue and Sundquist for each year.  The two gap types most frequently 
recorded for each year for Cerulean Warbler territories were natural tree-falls (2005:  
27%, 2006:  30%) and tertiary roads (2005:  19%, 2006:  34%); grapevine impeded gaps 
also were relatively common (19%) in 2005 (Table 2.9).  For the nest sites, the three most 
commonly-occurring gap types in 2005 were again natural tree-falls (42%), tertiary roads 
(26%), and grapevine impeded gaps (21%, Table 2.10).  In 2006, gaps caused by tree-
falls and tertiary roads tied for the most commonly-recorded gap type near nest sites 
(21%).  The next most commonly-occurring gap type near nests in 2006 was described as 
an early successional area with a blackberry thicket or other vegetation (16%).   
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The canopy gaps, regardless of gap type and combined by year, were on average 
24.28 m from territory centers.  They were on average 19.88 m from territory centers in 
2005 and 28.1 m from territory centers in 2006.  These distances did not vary by year (t = 
1.67, df = 71, P = 0.08).  For the nest sites, the average distance from a canopy gap 
combined by year was 18.18 m.  The average distance for nest sites in 2005 was 16.63 m, 
and the average distance in 2006 was 19.74 m.  The distance from the nest sites to canopy 
gaps did not differ by year (t = 1.71, df = 23, P = 0.75).  There were also no differences 
between the distance from territory centers to canopy gaps and the distance from nest 
sites to canopy gaps, by year or combined by years (2005:  t = 1.7, df = 44, P = 0.41, 
2006:  t = 1.7, df = 26, P = 0.41, combined years:  t = 1.7, df = 57, P = 0.26).   
Nest survival modeling
 In the temporal model set, the model that received the most support was the 
combination of year and nest stage (AIC c weight = 0.44, Table 2.12).  The global model 
for this set also had moderate support ( AICc = 1.62, AICc weight =  0.19), but it was not 
carried on to the next model set because I decided a priori to carry on only the best model 
from the temporal model set.  The estimates of daily survival rate were similar for Royal 
Blue and Sundquist ( 2 = 0.0181, df = 1, P = 0.893) but the difference in DSR between 
years and nest stages was more apparent (Table 2.13).  The DSR was greater in 2005 
(0.98 ± 0.007) than in 2006 (0.94 ± 0.016, 2 = 3.88, df = 1, P = 0.0488); the DSR was 
lower during the incubation stage (0.96 ± 0.011) than during the brooding stage (0.99 ± 
0.006, 2 = 8.26, df = 1, P = 0.0041); the confidence interval estimates for the betas for 
nest stage included zero (Table 2.12).    
 In the nest patch model set, the model including year and stage received the most 
support (AIC c weight = 0.23, Table 2.15), suggesting that Cerulean Warbler nest survival 
may not vary significantly in response to any of the nest patch parameters measured.  
However, six additional models also received support ( AICc < 2), including the 
temporal sets global model, indicating that no single vegetation parameter describing the 
nest patch fully explained the variation in daily nest survival rate.  The relationships of 
the remaining five supported models with daily survival rate were as follows:  DSR 
increased with increasing Beers aspect (Figure 2.6), DSR increased with increasing 
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overstory canopy cover (Figure 2.7), DSR increased with increasing shrub cover (Figure 
2.8), DSR increased with increasing understory cover (Figure 2.9), and DSR increased 
with a lack of vines in the overstory (Figure 2.10); the 95% confidence intervals for the 
beta coefficients for each of these models included zero, indicating that the relationships 
were not very strong (Table 2.16). 
In the nest-site model set, the model describing nest placement within the tree 
(nest height, distance from the nest to the top of the tree, and distance from the nest to the 
outer edge of the trees canopy), had the most  support; no other models in this set had a 
AICc < 2 (AICc weight = 0.64, Table 2.19).  The beta estimates for nest height and the 
distance from the nest to the top of the tree had confidence limits that included zero 
(Table 2.19).   
This nest placement model also had the greatest support in the final model set, 
where the nest patch and nest site model sets were combined, making it the best model 
overall (AIC c weight = 0.51, Table 2.18).  The results from this best model suggested that 
daily nest survival decreased as nest height increased (Figure 2.11a), decreased as the 
distance from the nest to the top of the tree increased (Figure 2.11b), and increased as the 
distance from the nest to the outer edge of the trees canopy increased (Figure 2.11c).     
DISCUSSION 
Cerulean Warbler Habitat Selection 
 Cerulean Warblers in the Cumberland Mountains consistently selected territories 
and nest sites that differed from the vegetation described by random points in 2005 and 
2006.  There were many more territories in Royal Blue than in Sundquist for both years 
of the study, which may be a function of habitat differences and differing habitat 
selection decisions by individuals on each site.  The habitat characteristics of territories 
and nest sites for Cerulean Warblers in Sundquist often differed from characteristics 
describing territories and nest sites for ceruleans in Royal Blue.   
 The significant site*point type interaction for the average DBH suggests that 
Cerulean Warblers in Royal Blue selected territories and nest sites with a greater average 
DBH than what was available at random.  This result is consistent with other studies that 
describe Cerulean Warbler breeding habitat as sites with mature, large trees (Hamel 
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2000a, Jones and Robertson 2001, Nicholson 2004).  In contrast, Cerulean Warblers in 
Sundquist seemed to select territories and nest sites with a lower average DBH than what 
was available at random.  In this case, it appears that their selection for more open canopy 
structure was more important than their desire to be associated with the largest trees in 
the stand. 
 The point type*year interaction for shrub cover was difficult to interpret because 
the mean percent cover values were so sma ll (0.88-11%).  Our definition of shrub for 
this measure included any woody seedlings between 0.5 m and 1.5 m tall.  In general, 
there was a greater shrub cover in 2006 than in 2005, which may indicate measurement 
error by the observers from year to year because no habitat management occurred 
between years.  Cerulean nest sites had a lower shrub cover than the random points in 
2005, and a higher shrub cover than the random points in 2006.  This finding should be 
interpreted with caution because the mean shrub cover values were small and may not be 
biologically meaningful.  There appeared to be greater shrub cover in Sundquist than 
Royal Blue, but the difference was not significant at the adjusted (Bonferroni) alpha level 
(P = 0.0175).  The lack of consistent patterns associated with this parameter suggested 
that it may not be biologically important for Cerulean Warblers.   Similarly, Nicholson 
(2004) concluded that the shrub cover parameter may have been related to the amount of 
canopy cover, and that it was likely unimportant to Cerulean Warblers because they 
rarely utilize that stratum (but see Hartman 2006).   
 Understory cover was greater at both territory and nest sites than at random 
points, regardless of site or year.  This finding was consistent with other studies 
conducted across the breeding range of the Cerulean Warbler (Oliarnyk and Robertson 
1996, Jones and Robertson 2001, Nicholson 2004, Varble 2006 ).  An area with a greater 
coverage of understory provides more foragi ng substrate which may influence a females 
nest-site selection (Fontaine and Martin 2006).  The increased foliage at a lower level 
may also provide additional cover for recently fledged chicks (Varble 2006).  However, 
Cerulean Warblers are typically thought to inhabit mature forest with a structurally 
diverse overstory canopy and a somewhat open understory (Robbins et al. 1992, Hamel 
2000a).  Varble (2006) found that ceruleans in Indiana used black walnut ( Juglans nigra) 
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groves with little understory or vertical complexity.  Therefore, Cerulean Warblers may 
be found in areas with and without a strong understory or midstory component, 
depending on the locality.  The amount of understory in Royal Blue was less than in 
Sundquist in 2006, suggesting that there was more understory overall in Sundquist 
WMA.  The site*year interaction for unders tory cover indicated that Royal Blues 
understory was greater in 2006 than in 2005, which may be sampling error since there 
were not any habitat changes between years.  The findings for midstory cover were 
similar.  There was more midstory cover in Sundquist than Royal Blue, regardless of 
point type or year.  There was more midstory cover in 2006 than 2005, which may also 
be sampling error.  In general, Royal Blue seemed to have a less dense understory 
(including shrubs) and midstory than Sundquist.  The results concerning these strata are 
contradictory for this study because the site that supported more cerulean territories 
(Royal Blue) appeared to have less understory and midstory, whereas ceruleans appear to 
select for more cover in these strata for breeding and nesting habitat.  This suggests that 
understory cover may not be an important parameter to describe Cerulean Warbler 
breeding habitat in the Cumberland Mountains of Tennessee. 
 The site*point type interaction for overstory cover indicated that habitat 
conditions were different on each site and that ceruleans responded accordingly.  
Territories and nest sites had a similar amount of overstory on Royal Blue (85.7 ± 2.1%, 
80.9 ± 5.7%, respectively).  The overstory cover on Royal Blue was greater at territories 
(85.7 ± 2.1%) than at random points (80.8% ± 2.3%).  The amount of overstory cover in 
male territories appeared greater than at nest sites on Royal Blue, but the difference was 
not significant, likely because of small nest sample size.  Male Cerulean Warblers on 
Royal Blue may select for greater overstory cover whereas females may choose sites 
within these territories with slightly less overstory cover to construct their nests.  
Territories and nest sites had a similar amount of overstory on Sundquist (72.3 ± 4.5%, 
67.3 ± 8.3%, respectively), but the overstory cover (84.8 ± 2.2%) was much greater at 
random points than at territories and nest sites.  The lower number of Cerulean Warbler 
territories on Sundquist allowed individual males to spread out their territories, perhaps 
enabling them to take advantage of preferred areas that would not always be available in 
 54
more crowded situations.  In this case, they selected areas with less overstory cover than 
what was available across the study area.  Sundquist WMA seemed to have too much 
overstory cover, thus prompting ceruleans to select territories where there was less 
overstory cover.  In contrast, Royal Blue WMA had less overstory cover than Sundquist 
WMA, and ceruleans on Royal Blue actually selected territories with more overstory 
cover.  Because ceruleans tended to select for more open conditions in the Cumberland 
Mountains, Royal Blue WMA provided more suitable habitat and supported more 
Cerulean Warbler territories.    
  The presence of vines in the overstory showed a significant relationship to point 
type in 2005 but not in 2006.  On Royal Blue in 2005, there were more vines in the 
overstory on territory points and nest sites than expected, and fewer on random points 
than expected.  The positive association between nest sites and vine presence, while 
significant, was rather weak, suggesting that females on Royal Blue may not always 
select nest sites with vines in the overstory for concealment of nests, but that they may 
choose mates whose territories provide vines in the overstory for nest-building material 
or foraging opportunities.  Grapevine is a common material found in Cerulean Warbler 
nests (Hamel 2000a, this study) and also provides enhanced foraging opportunities where 
it grows prolifically.  On Royal Blue, grapevine is abundant and female ceruleans were 
often observed visiting it to collect nesting material.  This trend was the opposite on 
Sundquist in 2005.  There were fewer vines in the overstory than expected at territories 
and nests (with a weak association with nests), and there were more vines in the overstory 
than expected at random points.  On Sundquist, Virginia creeper ( Parthenocissus 
quinquefolia) is not as prolific as grapevine on Royal Blue, but it often blankets the black 
locust trees growing along the roadside above the study plots.  Several males defended 
territories along this road, and we found several nests hidden within the vine-shrouded 
branches, but it appears that the relationship was not significant enough to be detected.  
Varble (2006) concluded that the abundant Virginia creeper on black walnut trees at nest 
sites in Indiana may have provided extra nest concealment, but that the daily survival rate 
of nests in black walnut trees was not greater than nests built in other tree species.   
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  Of the canopy gaps available across both study sites, whether natural or 
anthropogenic, Cerulean Warblers located their territories and nest sites in proximity to 
natural tree-falls, tertiary roads, and grapevine impeded gaps (on average, between 16 
and 28 m of a gap).  This may be a product of what gap types are most available in the 
region, but I did not analyze gap availability for this study.  Nonetheless, the most 
commonly recorded gap types may have provided the sort of canopy heterogeneity that 
Cerulean Warblers seek.  Tertiary roads were located near all of the study sites, so it is 
expected that this gap type would occur frequently.  However, ceruleans in the 
Cumberland Mountains of Tennessee located their territories on long, narrow gaps such 
as roads or regenerating strip benches.  Ceruleans may have historically been associated 
with natural tree-fall gaps (Perkins 2006), and are associated with relatively small natural 
and anthropogenic canopy disturbances (Oliarnyk and Robertson 1996, Hunter et al. 
2001, Bosworth 2003, Weakland and Wood 2005, Wood et al. 2006).  The new 
vegetative structure created by these gaps, especially tree-falls, provides enhanced 
foraging opportunities for many species of birds as well as cover from predators (Blake 
and Hoppes 1986, Noss 1991).  The break in the forest canopy caused by these gaps may 
provide suitable singing perches because of enhanced song projection (Smith and 
Dallman 1996).  The exposed gap edges may also provide a warm location to sing on 
cool mornings (Smith and Dallman 1996, pers. obs.).  In the Cumberland Mountains and 
elsewhere across the mountainous regions where ceruleans breed, the sharp relief of 
mountain ridges may provide vertical structure similar to that of canopy gaps (Perkins 
2006, pers. obs.).   
 Overall, it appears that where Cerulean Warblers occur at greater densities in the 
Cumberland Mountains, such as in Royal Blue WMA, they tend to choose areas with 
larger trees that provide more overstory cover and more vines in the overstory.  They may 
do this for several reasons.  First, their territories are in such close proximity to one 
another that choosing a territory or nest site that has a greater overstory cover may 
provide them greater concealment from predators than their neighbors, thus increasing 
their chances of survival.  The habitat selection results are consistent with several other 
habitat selection studies for this species (Jones and Robertson 2001, Lynch 1981, 
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Robbins et al. 1992, but see Oliarnyk 1996 in Hamel 2000a).  These conditions provide 
more localized opportunities for foraging and gathering nesting material that may reduce 
the chance of aggressive conspecific interactions in these crowded conditions.  In recent 
decades, Royal Blue WMA has experienced less large-scale habitat disturbance overall 
than Sundquist WMA, perhaps making Royal Blue more suitable for mature forest birds 
such as the Cerulean Warbler.   
  It is unknown how much disturbance at the landscape scale this species can 
tolerate before an area becomes unsuitable as breeding habitat.  Sundquist WMA, for 
example, has experienced a relatively great amount of disturbance from timber and 
mineral extraction in the last several decades.  Cerulean Warblers occur across this 
region, adjacent to contour mines and timber harvests, but their density is lower than 
cerulean density on Royal Blue WMA.  I suspect that the amount of disturbance at the 
landscape scale at least partially accounts for the differences in cerulean density between 
Royal Blue and Sundquist.       
The condition of the available breeding habitat is important for determining how 
ceruleans respond to gaps and select territories and nest sites.  On Sundquist, ceruleans 
selected territories and nest sites that provided less cover than what was available in the 
surrounding, homogenous forest.  In these areas, ceruleans had widely spaced territories 
centered on more open sites that provide foraging and nesting substrate as well as 
increased structural diversity.  Perhaps Cerulean Warbler habitat selection on Sundquist 
indicates the characteristics that individuals choose when given the choice between a 
uniform overstory and a more structurally diverse canopy.  Because Royal Blue is more 
structurally diverse overall, with more existing canopy disturbance, ceruleans there 
selected for areas that provided more cover than the surrounding forest.  Although we 
only collected vegetation data at one point per territory, I believe that the large number of 
territories sampled provides an appropriate understanding of Cerulean Warbler habitat 
characteristics (Jones and Robertson 2001). 
Nest Survival
 Cerulean Warbler daily nest survival (DSR) in the Cumberland Mountains of 
Tennessee during 2005 and 2006 varied with temporal and habitat-related factors.  Of the 
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temporal models tested, the year + stage model received the most support and was carried 
on as the new null model for both of the othe r model sets.  This discovery is noteworthy 
because Cerulean Warblers had a significantly lower DSR in 2006 than in 2005 and 
usually experienced a greater DSR during the brooding stage.  Although the confidence 
limits for nest stage included zero, the combination of nest stage and year had more 
support than the other models in the set (AIC c weight = 0.438).  Daily survival rate did 
not appear to be affected by study site differences, despite the marked differences in 
territory density and habitat selection between Royal Blue and Sundquist.  Also, the 
effect of nest stage seemed to affect DSR more than the effect of linear or quadratic time 
throughout the nesting season.   
The DSR of Cerulean Warbler nests in 2005 was great (0.98 ± 0.007).  One 
possible reason for this finding was that there were few gray squirrels ( Sciurus 
canadensis) present on the study sites during that breeding season (pers. obs.).  Gray 
squirrels are likely mammalian nest predators in this system, and it is possible that a 
dearth of this species would enable Cerulean Warbler nest success to be greater than 
during typical years (Fontaine and Martin 2006, Schmidt and Whelan 1998).  The 
following summer, there appeared to be many more gray squirrels present across the 
study sites; their population may have increased in response to the heavy mast production 
the preceding year (Ostfeld et al. 1996, McShea 2000).  Another factor that may have 
influenced this disparity in DSRs is the difference between weather patterns from one 
year to the next.  In April of 2005, there was a late freeze accompanied by a snowfall that 
lingered for 1-2 weeks.  Although the harsh weather at the beginning of the breeding 
season may have initially constrained nest success, the consequent new flush of insects 
after the late leaf-out may have made foraging resources more plentiful and therefore 
more easily obtained later in the breeding season (Holmes et al. 1986, Summerville and 
Crist 2003, Stodola 2005).      
Most nesting songbirds are predicted to have a lower DSR during the brooding 
stage because the parents make frequent feeding trips to the nest, thus increasing their 
chance of being detected by a predator (Skutch 1949, Martin et al. 2000).  The DSR for 
Cerulean Warbler nests in the Cumberland Mountains, however, tended to display the 
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opposite trend.  Once a nest survived to the brooding stage, it had a greater chance of 
being successful.  Although parents of successful nests make more feeding trips than 
parents of unsuccessful nests (Barg et al. 2006b), Cerulean Warblers often have lower 
parental feeding rates overall than other passerines (Martin et al. 2000).  This lower 
feeding rate may contribute to the higher DSR during the brooding stage for Cerulean 
Warblers in the Cumberland Mountains of Tennessee.   
The new null model (with year and nest  stage) received the most support in the 
nest patch model set (AIC c weight = 0.211), implying that Cerulean Warbler daily nest 
survival was related more to these temporal variables than to vegetative characteristics 
surrounding the nest site.  However, five models in this set also received support ( AICc 
< 2, not including the global model from the temporal set).  This result suggests that the 
covariates included in these models are also related to DSR in some way.   
The DSR increased with increasing Beers et al. (2006) aspect values (Figure 2.6).  
Cerulean Warblers occupied mixed mesophytic forests on moist slopes in the 
Cumberland Mountains that are often found on north to northeast-facing aspects 
(Nicholson 2004).  Although most of our study plots were purposefully situated on north 
to northeastern slopes within the Cumberland Mountains to maximize warbler densities, 
the aspect on a micro-scale varied within each plot along the contour of the mountain.  
The nests found in 2005 and 2006 had aspect values ranging from 1.7 to 2.0 (north to 
northeast), whereas the aspect values ranged from 0.0006 to 2.0 (southwest to northeast) 
across the study area (average 1.6, almost due north).  This suggests that ceruleans in the 
Cumberland Mountains had greater nest success when their nest sites were located on 
more productive slopes.  A possible reason for this association may be a greater volume 
of foliage that provided abundant resources and protective cover (Jones and Robertson 
2001).   
Cerulean Warbler nest DSR increased with increasing overstory canopy cover 
(Figure 2.7), increasing shrub cover (Figure 2.8), and increasing understory cover (Figure 
2.9).  These models had incrementally lower AIC c weights than the top model and the 
confidence limits for each of the parameters included zero, indicating that their effect on 
DSR may have been of marginal significance.  However, the relationships still warrant 
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discussion.  A greater percent cover of vegetation at any strata may aid in hiding the nest 
from predators.  In addition, increased overstory and understory, including shrubs, 
provides more foraging substrate in close proximity to the nest, possibly enabling the 
parents to make shorter trips to find food while attending the nest.  This situation likely 
increases both the parents fitness and their abi lity to be attentive to the nest (Barg et al. 
2006b).   
The DSR was greater at nest sites that did not have vines in the overstory.  This 
relationship was very weak, however, and the confidence limits for this parameter 
included zero.  The difference between the DSR for presence and absence of vines was 
miniscule (0.001, Figure 2.10), making it unlikely this relationship was biologically 
significant. 
The best model by far in the nest-site model set was the model describing the 
nests placement within the tree (nest height, di stance from the nest to the top of the tree, 
and distance from the nest to the outer edge of the trees canopy).  No other models that 
included a nest-site covariate had a AICc < 2.  The confidence limits for nest height and 
the distance from the nest to the top of the tree included zero, but when combined, these 
variables had strong support.  The DSR decreased with increasing nest height (Figure 
2.11a), decreased with increasing distance from the nest to the top of the tree (Figure 
2.11b), and increased with increasing distance from the nest to the outer canopy edge of 
the nest tree (Figure 2.11c).  Although I hypothesized that a higher nest would have a 
greater chance of survival because of its potential to be hidden by foliage, the 
relationships detected by this analysis make biological sense.  Intuitively, a higher nest 
may be more vulnerable to damage from adverse weather, such as wind and rain; in 
addition, a nest near the top of a tree may be more conspicuous to avian predators.  
Similarly, a nest that is very low (i.e., a nest that is located a great distance from the top 
of the tree), may be very conspicuous to predators inside th e trees canopy, thus 
increasing its chance of being predated.  Also, a nest that is situated far out on a branch, 
close to the outer edge of the nest trees canopy, might be more prone to weather damage 
because of increased exposure to the elements.  The distal ends of branches tend to wave 
continually in the wind, also in creasing the nests likelihood of becoming unstable.       
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This nest placement model was also the model with the most support in the final 
model set, where both the nest patch and nest site model sets were combined.  It is 
apparent by this result that Cerulean Warbler micro-site selection within the nest tree is 
crucial to nest survival.  Perhaps this explains why cerulean pairs inspect a variety of 
potential nest locations by performing the sit-spin, with the fina l decision ultimately 
being made by the female (Jones and Robertson 2001, Barg et al. 2008 in press).  Often, 
female Cerulean Warblers will settle on a location and commence nest building, only to 
abandon efforts before completion in favor of a different spot that affords more visual 
obstruction, sometimes within the same tree (pers. obs).  Also, after a nest failure, a 
female will often have a successful renest when she builds her second nest in a more 
densely vegetated stratum (Jones and Robertson 2001).  We have often found fully or 
almost fully completed nests on the ground after a storm, possibly indicating a less 
experienced female or simply poor nest placement choice.  Although the various nest 
locations chosen by a female may seem equally suitable to our eye, ceruleans may be able 
to discern minute differences that may aid or hinder the survival of their nest.          
In conclusion, Cerulean Warblers in the Cumberland Mountains of Tennessee 
select nesting habitat in a non-random fashion.  Their selection decisions influence 
territory characteristics and nest survival.  Male ceruleans select territories that provide 
suitable nesting habitat to facilitate mate attraction, and female ceruleans select nest sites 
within these territories that will maximize the probability of nest survival (Jones and 
Robertson 2001).  Nest survival varied by year and nest stage during this study.  More 
specifically, nest placement within the tree, when accounting for the effects of year and 
stage, had a notable relationship with daily survival rate. 
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Table 2.4 - Summary statistics of habitat variables (mean ± SE) at random points, 
Cerulean Warbler nest locations, and territories located within the study plots in Royal 
Blue and Sundquist Wildlife Management Areas, Campbell County, Tennessee, 2005. 
Royal Blue WMA 2005  Random Points  Nest Sites  Territories 
(n = 80) (n = 13) (n = 84)
Basal area (m 2/ha) 29.1 ± 1.0 26.3 ± 2.5 29.6 ± 0.8 
Average DBH (cm) 40.2 ± 0.7 43.1 ± 1.7  41.2 ± 0.7  
Sapling cover (%) 28.4 ± 2.6 34.8 ± 7.9 26.2 ± 2.7 
Average sapling height (m) 3.9 ± 0.3  3.2 ± 0.4 3.7 ± 0.2 
Shrub cover (%) 5.7 ± 1.2 6.9 ± 4.6 5.1 ± 0.9 
Average shrub height (m) 0.7 ± 0.04 0.8 ± 0.1 0.7 ± 0.03 
Understory canopy cover (%) 37.5 ± 2.4 46.2 ± 6.2 39.0 ± 2.2 
Midstory canopy cover (%) 69.2 ± 2.3 64.8 ± 4.3 67.2 ± 2.2 
Overstory canopy cover (%) 74.4 ± 2.5 77.7 ± 5.6 78.5 ± 2.2 
Canopy cover along N-S transect (%) 73.8 ± 2.8 75.4 ± 5.6 77.7 ± 2.7 
Canopy cover along E-W transect (%) 75 ± 2.8 76.2 ± 7.2 79.2 ± 2.6 
Presence of vine species (% of points):    
Aristolochia mactophylla 0 0 0 
Parthenocissus quinquefolia 43 85 55 
Smilax spp. 0 0 0 
Toxicodendron radicans 9 8 13 
Vitis spp. 33 62 67 
No vines present (% of points) 21 15 14 
Vines present in the overstory (% of points) 72.5 76.9 75.9 
   
Sundquist WMA 2005  Random Points  Nest Sites Territories
(n = 80) (n = 6) (n = 20)
Basal area (m 2/ha) 26.8 ± 1.0 28.3 ± 3.5 25.1 ± 1.9 
Average DBH (cm) 40.7 ± 0.7 35.4 ± 5.1 37.1 ± 2.3 
Sapling cover (%) 36.8 ± 2.7 44.2 ± 10.8 47 ± 6.2 
Average sapling height (m) 2.2 ± 0.1 2.7 ± 0.4 2.7 ± 0.2 
Shrub cover (%) 13.9 ± 2.1 2.0 ± 1.6 12.4 ± 5.7 
Average shrub height (m) 0.6 ± 0.04 1.25 ± 0.75 0.6 ± 0.08 
Understor canopy cover (%) 61.3 ± 2.2 71.4 ± 12.1 78.3 ± 4.6 
Midstory canopy cover (%) 76.3 ± 2.0 89.7 ± 3.1 78.6 ± 4.0 
Overstory canopy cover (%) 83.1 ± 2.3 70.6 ± 10.5 60.5 ± 7.1 
Canopy cover along N-S transect (%) 82.3 ± 2.7 70.0 ± 14.4 58.5 ± 7.9 
Canopy cover along E-W transect (%) 83.6 ± 2.5 71.7 ± 9.8 61.5 ± 6.9 
Presence of vine species (% of points):    
Aristolochia mactophylla 20 0 30 
Parthenocissus quinquefolia 20 33 50 
Smilax spp. 13 0 15 
Toxicodendron radicans 13 0 15 
Vitis spp. 71 50 80 
No vines present (% of points) 14 33 10 
Vines present in the overstory (% of points) 62.5 33.3 80 
74
 75
Table 2.5 - Summary statistics of habitat variables (mean ± SE) at random points, 
Cerulean Warbler nest locations, and territories located within the study plots in Royal 
Blue and Sundquist Wildlife Management Areas, Campbell County, Tennessee, 2006. 
Royal Blue WMA 2006  Random Points  Nest Sites  Territories 
(n = 80) (n = 12) (n = 94) 
Basal area (m 2/ha) 28.4 ± 1.0 26.3 ± 2.3 28.5 ± 0.9 
Average DBH (cm) 39.9 ± 0.7 42.8 ± 2.7 42.3 ± 0.7 
Sapling cover (%) 26.8 ± 2.1 30.4 ± 8.6 24.1 ± 2.3 
Average sapling height (m) 4.6 ± 0.4 3.7 ± 0.7 4.2 ± 0.3 
Shrub cover (%) 7.3 ± 1.4 13.4 ± 3.2 9.6 ± 1.5 
Average shrub height (m) 0.80 ± 0.04 1.2 ± 0.5 0.8 ± 0.03 
Understory canopy cover (%) 61.4 ± 2.6 67.1 ± 5.4 62.2 ± 2.1 
Midstory canopy cover (%) 81.5 ± 1.7 75.8 ± 4.5 80.3 ± 1.7 
Overstory canopy cover (%) 81.6 ± 2.2 80.2 ± 4.7 89.2 ± 1.3 
Canopy cover along N-S transect (%) 80.3 ± 2.5 78.3 ± 8.9 86.8 ± 2.0 
Canopy cover along E-W transect (%) 83.1 ± 2.4 80 ± 6.3 91.0 ± 1.4 
Presence of vine species (% of points):    
Aristolochia mactophylla 3 0 0 
Parthenocissus quinquefolia 54 58 64 
Smilax spp. 1 8 1 
Toxicodendron radicans 10 25 13 
Vitis spp. 69 50 65 
No vines present (% of points) 16 8 15 
Vines present in the overstory (% of points) 73.8 58.3 71.3 
  
Sundquist WMA 2006  Random Points  Nest Sites  Territories 
(n = 80) (n = 7) (n = 22) 
Basal area (m 2/ha) 22.5 ± 0.8 16.1 ± 2.7 21.3 ± 1.6 
Average DBH (cm) 38.6 ± 0.8 34.8 ± 4.7 36.2 ± 1.8 
Sapling cover (%) 27.3 ± 2.7 25.1 ± 11.3 30.3 ± 4.9 
Average sapling height (m) 3.2 ± 0.16 2.4 ± 0.7 3.8 ± 0.4 
Shrub cover (%) 18.5 ± 2.1 31.3 ± 14.4 19.4 ± 5.2 
Average shrub height (m) 0.9 ± 0.07 1.2 ± 0.3 0.8 ± 0.06 
Understory % canopy cover 68.2 ± 2.5 85 ± 6.2 70.1 ± 3.5 
Midstory % canopy cover 82.9 ± 1.8 80.3 ± 7.6 85.0 ± 2.9 
Overstory % canopy cover 80.9 ± 2.6 51.7 ± 11.8 70.5 ± 6.2 
% canopy cover along N-S transect 82.6 ± 2.8 61.4 ± 10.3 71.4 ± 5.0 
% canopy cover along E-W transect 78.6 ± 3.4 41.4 ± 14.2 69.0 ± 8.7 
Presence of vine species (% of points):    
Aristolochia mactophylla 10 0 9 
Parthenocissus quinquefolia 34 86 68 
Smilax spp. 2.5 14 0 
Toxicodendron radicans 24 43 32 
Vitis spp. 40 57 64 
No vines present (% of points) 28 14 14 





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 Table 2.7 – Frequency table showing combinations of year and site with presence of 
vines in the overstory (VinesOver) as the last step of the Cochran-Mantel-Haenszel 
(CMH) test, 2005-2006.  RB = Royal Blue WMA; SQ = Sundquist WMA, both in 
Campbell County, Tennessee.  CMH tests revealed that VinesOver is associated with site 
and point type in one or both years (CMH = 17.5601, df = 2, P = 0.0002).  *Significant 
associations are starred. 
a Frequency indicates the observed frequency of occurrences for each point type in a given year and site. 
Row Titles Point type 
Variable Year Site Random Territory Nest Total
VinesOver 2005 RB Frequency a 58 64 10 132 
df = 2   Expected Count b 71.28 52.8 7.92  
2 = 15.87   Deviation c -13.28 11.2 2.08  
*P = 0.0004   Percent d 0.73 0.76 0.77
  SQ Frequency 50 16 2 68 
   Expected Count 36.72 27.2 4.08  
   Deviation 13.28 -11.2 -2.08  
   Percent 0.63 0.8 0.33  
       
VinesOver 2006 RB Frequency 59 66 7 132 
df = 2   Expected Count 64.2 59.15 8.66  
2 = 5.49   Deviation -5.2 6.85 -1.66  
P = 0.0641 Percent 0.74 0.71 0.58 
       
  SQ Frequency 30 16 5 51 
   Expected Count 24.8 22.85 3.34  
   Deviation 5.2 -6.85 1.66  
      Percent 0.38 0.73 0.71   
b Expected Count indicates the count of occurrences that are expected if the null hypothesis (vine     
occurrence is independent of site and point type) was true.   
c Deviation is the deviation of the observed frequency from the expected frequency of occurrence (an 
absolute value of 2 or greater indicates a departure from expected). 
d Percent indicates the proportion of occurrences of each variable out of the total number of vegetation 
points collected for each point type.
81
Table 2.8  Description of different types of natural or man-made canopy gaps in 
proximity to Cerulean Warbler territories and nest sites on Royal Blue and Sundquist 
Wildlife Management Areas, Cumberland Mountains, Campbell County, Tennessee, 
2005-2006. 
Gap Type Description
1 Natural canopy gap of various origins; ex topped trees, etc. 
2 Grapevine impeded area  lower area in canopy covered by grapes 
3 TWRA maintained clearing - usually adjacent to a road or ATV trail 
4 Main road:  tertiary dirt road that creates a gap at least 10 m wide  
5 Highwall - residual cliff from contour mining 
6 Natural tree-fall 
7 Gap with blackberry thicket other early successional vegetation 
8 Smaller ATV trail that creates a narrower opening than a main road 
82
 83
Table 2.9  Frequency of occurrence of canopy ga ps by type near Cerulean Warbler 
territories in 2005-2006, combined for both study areas (Royal Blue WMA and Sundquist 
WMA, Campbell County, Tennessee).  Gap type described in Table 2.8. 
 2005 2006 
Gap Type Frequency % Occurrence Frequency % Occurrence 
1 6 12 5 8 
2 10 19 8 13 
3 2 4 0 0 
4 10 19 21 34 
5 2 4 2 3 
6 14 27 18 30 
7 3 6 2 3 
8 5 10 5 8 
Total 52   61   
Table 2.10 – Frequency of occurrence of canopy gaps by type near Cerulean Warbler 
nests in 2005 and 2006, combined for both study areas (Royal Blue WMA and Sundquist 
WMA, Campbell County, Tennessee).  Gap type described in Table 2.8.
 2005 2006
Gap Type Frequency % Occurrence Frequency % Occurrence 
1 0 0 1 5 
2 4 21 2 11 
3 0 0 1 5 
4 5 26 4 21 
5 0 0 2 11 
6 8 42 4 21 
7 0 0 3 16 
8 2 11 2 11 

































































































































































































































































































































































































































































































































































































































































































































































Table 2.12 - Summary of model selection results from the first set of models, the 
temporal variables, for Cerulean Warbler nest survival in Royal Blue and Sundquist 
Wildlife Management Areas, Campbell County, Tennessee, 2005-2006.  Model notation 
is detailed in Table 2.11.
Model K AICc AICc wi
S(yr + stage) 3 109.100 0.00 0.438
S(yr + stage + site + T + T T) 6 110.722 1.62 0.195
S(stage) 2 111.329 2.23 0.179
S(T ) 2 112.703 3.60 0.090
S(yr) 2 112.902 3.80 0.081
S(T T) 3 114.048 4.95 0.046
S(yr + site) 3 114.898 5.80 0.030
S(.) 1 115.485 6.38 0.022
S(site) 2 117.483 8.38 0.008
Table 2.13 - Cerulean Warbler daily nest survival estimates (DSR) for year, site, and nest 
stage in Royal Blue and Sundquist Wildlife Management Areas, Campbell County, 
Tennessee, 2005-2006.  The difference between sites is marginal while the differences 
between years and nest stages is more apparent; statistical differences indicated by 
differing letters (  = 0.05). 
95% CI 
Parameter Mean DSR SE Lower Upper
Year 2005 0.9834 a 0.007 0.9606 0.9931 
  2006 0.9493 b 0.016 0.9084 0.9725 
Site Royal Blue WMA 0.9706 0.009 0.9462 0.9841 
  Sundquist WMA 0.9683 0.014 0.9262 0.9868 
Nest Stage incubating 0.9581  a 0.011 0.9305 0.9750 
  brooding 0.9939  b 0.006 0.9579 0.9991 
85
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Table 2.14 - Beta estimates and 95% CI for the parameters in the top model from the 
initial model set of temporal variables for the nest survival of Cerulean Warblers in Royal 
Blue and Sundquist Wildlife Management Areas, Campbell County, Tennessee, 2005-
2006. 
95% CI 
Parameter Estimate Lower Upper
Year 1.111 0.0166 2.2053 
































































































































































































































































































































































































































































































































Table 2.16 - Beta estimates and 95% CI for the parameters in the top models (those with 
AICc < 2.0) from the second model set including nest patch parameters for the nest 
survival of Cerulean Warblers in Royal Blue and Sundquist Wildlife Management Areas, 
Campbell County, Tennessee, 2005-2006. 
Parameter Estimate 95% CI
Lower Upper
Beers transformed aspect 0.196 -0.3359 0.7273 
Overstory 0.187 -0.3220 0.6951 
Shrub cover 0.153 -0.5466 0.8531 
Understory 0.092 -0.5202 0.7042 
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 2.19 - Beta estimates and 95% CI for the parameters in the top model from both 
the nest site model set and the final model set for the nest survival of Cerulean Warblers 
in Royal Blue and Sundquist Wildlife Management Areas, Campbell County, Tennessee, 
2005-2006. 
95% CI 
Parameter Estimate Lower Upper
Nest height -0.381 -0.9834 0.2210 
Distance to the top of the tree -0.534 -1.0936 0.0263 
Distance to the outer edge of the trees canopy 0.988 0.2875 1.6888 
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Figure 2.2 - Cerulean Warbler study plots (~20-ha each), Royal Blue Wildlife 
Management Area, Campbell County, Tennessee, 2005-2006. 
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Figure 2.3 - Cerulean Warbler study plots (~20-ha each), Sundquist Wildlife 



































































































































































































































































































































































































































Figure 2.6 - Cerulean Warbler daily nest survival rate (DSR), Royal Blue and Sundquist 
Wildlife Management Areas, Campbell County, Tennessee, 2005-2006, as a function of 
Beers et al.s (1966) transfor med aspect, where a value of zero indicates a southwestern 
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Figure 2.7 - Cerulean Warbler daily nest survival rate (DSR), Royal Blue and Sundquist 
Wildlife Management Areas, Campbell County, Tennessee, 2005-2006, as a function of 







































Figure 2.8 - Cerulean Warbler daily nest survival rate (DSR), Royal Blue and Sundquist 
Wildlife Management Areas, Campbell County, Tennessee, 2005-2006, as a function of 
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Figure 2.9 - Cerulean Warbler daily nest survival rate (DSR), Royal Blue and Sundquist 
Wildlife Management Areas, Campbell County, Tennessee, 2005-2006, as a function of 
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DSR 
Figure 2.10 - Daily nest survival rate (DSR) for Cerulean Warblers at nest sites where 
vines were not present in the canopy (0) and where vines were present in the canopy (1), 
Royal Blue and Sundquist Wildlife Management Areas, Campbell County, Tennessee, 
2005-2006.  
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Figure 2.11  - Cerulean Warbler daily nest survival rate (DSR) as a function of:  a. nest 
height, b. the distance from the nest to the outer edge of the nest tree's canopy, and c. the 
distance from the nest to the top of the nest tree in Royal Blue and Sundquist Wildlife 
Management Areas, Campbell County, Tennessee, 2005-2006.  These variables, 
combined additively with year and nest stage, formed the best overall model that 
explained variation in Cerulean Warbler nest success in 2005-06.  Dashed lines represent 
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3. IMMEDIATE RESPONSE OF CERULEAN WARBLERS TO 




Silviculture and management of forest birds 
Historically, the practice of silviculture has been associated primarily with timber 
production.  However, because of current wildlife management needs, investigations are 
exploring the potential for using silviculture to meet specific goals for conserving 
biodiversity, such as managing for populations of declining Nearctic-Neotropical 
migratory songbirds (Thompson et al. 1995).   
Silvicultural systems apply to the entire rotation of a forest stand, which includes 
timber harvest, regeneration, and intermediate treatments.  The systems used vary 
according to the landowner or resource mana gers objectives.   Because private timber 
companies are driven by the need to maximize economic returns, they often utilize 
clearcutting or two-age techniques across large areas that leave minimal residual basal 
area.  Public natural resource agencies, however, may create smaller patch clearcuts and 
shelterwood cuts with greater residual basal area to promote oak regeneration and 
retention/enhancement of wildlife habitat (J. Elkins, TWRA, pers. comm.).    
Sallabanks et al. (2000) examined 95 studies conducted from 1972 to 1997 that 
assessed the effects of forest management on songbirds.  Most of the studies compared 
abundances or breeding success on clearcut areas to uncut areas (53% of 95 studies, 
Sallabanks et al. 2000).  In addition, Sallabanks et al. (2000) reported that most studies on 
the effects of forest management on songbirds were not experiments but were 
observational and correlative.  Pre-treatment data were often not collected and plots were 
usually not assigned randomly.  Few projects measured demographic response to forest 
management such as nest success or survivorship, and studies rarely used more than one 
replicate (Sallabanks et al. 2000).  For these reasons it is difficult to determine the 
relationships between birds and timber management based on scientifically credible data; 
one can only deduce possible relationships from these correlative studies (Sallabanks et 
al. 2000).  Several studies sin ce Sallabanks et al.s (2000) cr itique have been conducted 
that are well-designed, replicated experiments (Gram et al. 2003, Thatcher 2007). 
The creation of gaps in the forest canopy, or perforation, allows shade intolerant 
tree species to persist, increasing the structural diversity of the stand (Wood et al. 2005).  
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Various species of forest songbirds are considered gap-dependent and therefore respond 
to forest management that creates these gaps (Robinson and Robinson 1999).  Robinson 
and Robinson (1999) determined that most gap-dependent species, such as Hooded 
Warblers ( Wilsonia citrina ), Indigo Buntings ( Passerina cyanea), White-eyed Vireos 
(Vireo griseus), and Carolina Wrens ( Thryothorus ludovicianus), increased in abundance 
to a peak 2-3 years post-harvest, subsequently decreasing to pre-harvest levels after 5-10 
years.  For this reason, when managing for gap-dependent or early successional species, 
short stand entry intervals are recommended (Robinson and Robinson 1999). 
This recommendation contrasts with the management recommendation often 
presented for mature forest-interior songbirds such as Ovenbirds ( Seiurus aurocapillus ) 
and Wood Thrushes ( Hylocichla mustelina).  Long rotations are thought to increase 
populations of these species by allowing stands to reach maturity (Thompson 1993).  
Robinson and Robinson (1999) reported that initial selection harvests did not have a great 
effect on mature forest songbirds.  However, the effects of short stand entry intervals 
(i.e., less than 10-12 yrs) on forest-interior songbirds are still poorly known.  The 
continued removal of basal area may cause declines in forest-interior songbird 
populations with varying responses in different geographic areas and portions of the 
species breeding ranges (R obinson and Robinson 1999).  To manage for both mature 
forest-interior and early successional species, a balanced age-class structure and longer 
rotation lengths are necessary (Weakland 2000).  In general, the geographic location, 
amount of existing mature forest across the landscape, proportion of forest in each seral 
stage, target species status and habitat requirements, and forest management options 
available should all be considered when making decisions concerning timber harvesting 
and management of forest songbirds (Thompson et al. 1995).   
Research Need 
Ceruleans are thought to associate with gaps in a structurally diverse canopy 
within mature deciduous forests across their breeding range (Oliarnyk and Robertson 
1996, Hamel et al. 2004, Perkins 2006).  Although recent evidence suggests that 
ceruleans may not be as dependent upon canopy gaps as previously assumed (Hamel 
2005, Barg et al. 2006), a timber management experiment is warranted to examine the 
effects of different silvicultural treatments on ceruleans across their breeding range. 
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To date, no studies have been published that examine the effect of silvicultural 
treatments on Cerulean Warblers, although it has been identified as a research need for 
this species (Hamel et al. 2004, Hamel 2005, Wood et al. 2005).  Timber management is 
likely to continue into the future within the core of  the ceruleans range in the 
Appalachian BCR because it is an important economic resource for the region.  A forest 
management experiment has therefore been implemented in the Cumberland Mountains 
and elsewhere in the Appalachian BCR with the goal of identifying those management 
approaches that are compatible with Cerulean Warbler conservation.  The study is 
designed to examine the effect of forest management practices on the abundance, 
survival, and reproductive success of Cerulean Warblers.    
   This research project is part of a cooperative effort with replicates in Tennessee, 
Kentucky, Ohio, West Virginia, and Pennsylvania.  After collecting data for two breeding 
seasons (2005-2006), three timber harvest treatments were implemented on each of the 
replicate study areas, and specifically for this project, in each of two study sites (Royal 
Blue and Sundquist Wildlife Management Areas, WMA) in the Cumberland Mountains 
(Figure 1.3).   
Forest Management Implementation
Each study site is made up of four 20-ha plots, three of which were subjected to 
one of the following silvicultural treatments:  modified-shelterwood with 4.6 m 2 residual 
basal area/ha (20 ft 2/ac), shelterwood with 12.6 m 2 residual basal area/ha (55 ft 2/ac), and 
single-tree selection with 17.2-18.3 m 2 residual basal area/ha (75-80 ft 2/ac, Table 3.1).  
One plot on each site remained unharvested as control for comparison purposes.  The 
modified shelterwood, or heavy treatment, was designed to mimic a deferment harvest, 
which is commonly practiced in the southeastern United States.  This harvest was 
implemented by removing virtually all of the overstory, leaving well-spaced dominant 
and co-dominant trees.  The shelterwood harvest, or intermediate treatment, was designed 
to mimic a typical shelterwood harvest practiced in the southeastern United States.  This 
harvest also had well-spaced residual dominant and co-dominant trees, but less (about 
50%) of the overstory was removed.  Most of the midstory and understory was clear-
felled on both of these treatments, leaving few stem s between 5  15 cm and sparing 
numerous trees of a greater size.  The single-tree selection cut, or light treatment, was a 
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combination of timber stand improvement and value extraction, where the remaining 
forest was evenly stocked.   
 Treatments were randomly assigned to the research plots in Royal Blue, however, 
there were logistical constraints that required the treatments in Sundquist to be assigned 
on the basis of accessibility and terrain.  Timber was surveyed and marked for removal in 
April 2006 in Royal Blue by TWRA and in July 2006 in Sundquist by Fountain Forestry, 
Inc.  In late July 2006, timber removal began on the research plots in both study sites.  
Logging operations were complete by 25 August 2006 for Sundquist and by 27 April 
2007 for Royal Blue.  The target basal area was not realized for any of the treated units; 
the residual basal area in each stand was greater than the prescribed basal area (Table 
3.1).   
Research Objectives
After accounting for site differences (Part 2), I assessed the initial Cerulean 
Warbler response to the harvest treatments.  Specifically, I compared the pre-treatment 
density and nest survival to that of the first year post-treatment.  I hypothesized that:  a.) 
Cerulean Warbler territory density would decrease on plots subjected to the heavy 
treatment, and that individuals would shift former territories into the buffer areas around 
the plots, b.) Territory density would increase on the control plots and the plots with the 
intermediate and light treatments as Ceruleans took advantage of new canopy openings, 
c.) Overall nest survival would decrease because of increased nest visibility and exposure 
to predators and harsh weather conditions on the treated units.     
STUDY AREA 
The Cumberland Mountains are a unique landform that extends out of the 
Cumberland Plateau physiographic province, which covers about 7500 km 2 in Tennessee, 
Kentucky, and Virginia (Nicholson 2004).  The elevation of the area ranges from 250 to 
1075 m (mean = 580 m), with about 72.6% of the land cover being mature mixed 
mesophytic forest dominated by maple ( Acer spp.), hickory ( Carya spp.), tulip tree 
(Liriodendron tulipifera), black cherry ( Prunus serotina), and oak (Quercus spp., Bulluck 
2007).  The average annual precipitation from 1971-2000 at the Lancing 6 NW climatic 
data center, located in Morgan County, TN about 35 km WSW of the Sundquist study 
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area, was 131.78 cm (NCDC 2002).  The average monthly precipitation during May, June 
and July for this period was 12.62 cm, 13.26 cm, and 13.44 cm, respectively (NCDC 
2002).  Current landuses in the area are coal mining, forest management, recreation, 
limited agriculture, and an increasing amount of human development (Buehler et al. 
2006).   
In the Cumberlands, Cerulean Warblers occur primarily on north to east-facing 
slopes on steep ridges within upland mixed-mesophytic forest.  According to the habitat 
model developed by Buehler et al. (2006), there are currently over 80,000 ha of potential 
cerulean habitat distributed throughout the region, with an estimated 44,804 breeding 
pairs (95% confidence inte rval, 23,360  65,600 pairs).  
Our study sites were located in Campbell County in the Royal Blue Wildlife 
Management Area (21,000 ha) and Sundquist Wildlife Management Area (34,000 ha; 
hereafter Royal Blue and Sundquist).  The wildlife resources and timber rights on Royal 
Blue are owned and managed by TWRA, whereas the mineral rights are owned by the 
Tennessee Valley Authority (TVA).  In Sundquist, the wildlife and timber resources are 
also owned by TWRA, whereas private companies own the mineral rights.  Lyme Timber 
Company has leased the timber rights on Sundquist for a 10-year period.  The two sites 
have different disturbance histories.  While both sites have experienced strip mining in 
the past, the slope above the study plots in the Sundquist WMA was mined more 
recently.  As a result, a long narrow gap in the canopy, including a tertiary road, exists 
along this contour.  In addition, much of the spoil from the mining operation was 
deposited below the bench, which is where the study plots are situated. 
Plot design
 In May 2005, we consulted with TWRA, TVA, National Coal Corporation, and 
Fountain Forestry to determine locations for the two study sites for this project that were 
relatively distant from recent timber harvest and mining disturbances.  Using a habitat 
model for Cerulean Warblers in the Cumberland Mountains (Buehler et al. 2006 , Figure 
2.1) and maps of future mining and timber harvesting operations, we positioned the 
Royal Blue site on the eastern-facing slope of Cross Mountain and on the ridge top of 
Adkins Mountain, including portions of both the northeast and southwest-facing slopes 
(Figure 2.2).  We located the Sundquist site on the northeast-facing slope of Red Oak 
110
Mountain (Figure 2.3).  Both sites are in Campbell County, Tennessee.  Each study site 
consists of four 20-ha plots with the following dimensions:  ~636 m x 316 m, which 
includes a 10-ha treatment block bounded by two 5-ha buffers, one on each end (Figure 
2.2).  Adjacent plots were at least 300 m apart to ensure independence of treatment 
effects.     
 The plot corners were identified using digital raster graphic maps (DRG) of the 
region in ArcView 3.2 and were located in the field using a Garmin Global Positioning 
System (GPS).  The boundaries of each plot were then created by connecting the corners 
using compasses and tree marking paint.  In the same manner, 4 to 6 transects were 
delineated on each plot.  Each transect was 75 m apart and traversed the plot generally on 
the contour (typically northwest to southeast).  Listening stations were established at 50-
m intervals along each transect for use in spot-mapping.
METHODS
Delineation of Cerulean Warbler territories 
 We conducted spot-mapping censuses in each of the study plots between 15 May 
and 20 June 2007 to record population density of all forest birds, including Cerulean 
Warblers (Robbins 1970).  Censuses were conducted from sunrise to 1100 and each plot 
was visited 8 times.  The length of time required to census a plot depended on terrain and 
bird activity, but censuses were usually completed within 4 hours.  Two observers spot-
mapped each plot simultaneously, starting at opposite ends and working toward the 
center of the plot.  If inclement weather necessitated the cancellation of an incomplete 
spot map, we visited that plot an additional time. 
In addition to determining population density estimates from spot mapping, we 
visited each cerulean territory within the study area regularly to search for nests.  The 
time we spent observing adults in each territory enabled us to determine the boundaries of 
the defended area and become familiar with preferred song perches.  I used the 
information about the territories provided by these methods to further refine the density 
estimates provided by the spot mapping. 
 We compiled daily occurrences of birds (registrations) onto individual species 
maps created in Adobe Illustrator 10 (Figure 2.4, compiled on paper maps in 2005).  Each 
visit to a plot was given a unique color, so registrations for all species observed on that 
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date were recorded using the corresponding color.  This enabled us to delineate clusters 
of registrations as individual territories became apparent after several visits to a plot.   
I used these maps to quantify the number of Cerulean Warbler territories in the 
buffers and treatment units of each plot, following specific rules for the counting of 
registrations.  A minimum of two observations recorded on two different days were used 
to designate a territory because we conducted eight visits per plot (Bibby et al. 1992).  If 
we did not consistently encounter a particular individual during spot mapping that was 
known to occupy a territory from other research activities (e.g., nest searching or 
banding), I included this territory in the total for that plot.  In this way, I used the 
anecdotal information we obtained through our familiarity with the territories to augment 
the spot mapping counts.   
To delineate the number of territories within each plot and within the buffers and 
treated units on each plot, I counted only one registration per territory per day.  If the bird 
was shown to move across a border (plot boundary or treatment/buffer boundary) during 
one visit, I considered the registration to belong in the section where it began.  I counted 
total territories according to the percentage of registrations of each territory that fell 
within the plot.  If two-thirds of the registrations for a territory fell within the plot 
boundary, I considered it a whole territory.  For a partial territory, as long as one-third of 
its observations occurred within the plot boundary, I counted it as a half-territory.  This 
approach tended to slightly inflate territory densities over actual values.  When 
calculating the number of territories per buffer and treatment unit, sometimes territories 
would fall partially within a buffer and a treatment.  I then calculated the percentage of 
registrations that occurred on either side of the boundary, rounded up to the nearest 
quarter, and assigned the corresponding values to the portions of the territory in question.  
For example, if 6 of 9 registrations for a territory fall within the buffer, 66% rounds to 
75%, so the territory will be ¾ in the buffer and ¼ in the treatment.                     
Nest monitoring 
 We searched for cerulean nests from May to June 2007 by systematically 
searching cerulean territories and observing behavioral cues.  Once found, each nest was 
monitored through completion or failure.  We observed all nests for 15 minutes to 1 hour 
every 1-3 days; pertinent events such as duration of incubation and feedings were 
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recorded during observation periods.  The number of chicks prior to fledging was counted 
using binoculars and a spotting scope.   
Habitat Evaluation
 We collected one vegetation data point at each territory and nest location and at 
20 randomly-placed points per plot using a point-centered method with a fixed radius of 
11.3 m (James and Shugart 1970, Martin et al. 1997, Jenness 2005).  The territory points 
were located at the geographic center of the territory, and the nest points were centered at 
the spot directly below the nest.  
 At each vegetation sample point, we measured basal area using a 2.5 m 2/ha basal 
area factor prism and recorded the species and diameter (cm) at breast height (DBH) of 
all trees recorded as in (Jam es and Shugart 1970).  We measured the height (m) of a 
representative canopy tree (a dominant tree whose height did not exceed the average 
height of trees in the stand) using a clinometer.  On the territory sites, we measured the 
height (m) of a representative tree used as a singing perch.  We recorded the presence of 
vines by tallying the number and species of vines occurring on in trees in the prism  
plot.  Vines were assigned to one of three height classes (understory, midstory, or 
overstory).  We recorded slope and aspect at each plot using a clinometer and compass.   
We counted saplings and shrubs within a 3-m radius of point center.  Saplings 
were defined as woody stems at least 1.5 m tall and less than 10 cm in diameter.  Shrubs 
were defined as woody plants with multiple root stocks or woody tree seedlings that were 
greater than 0.5 m and less than 1.5 m in height.  For both saplings and shrubs, we 
counted the number of stems within the 3-m radius and estimated the average height and 
percent cover.    
We used ocular tube readings to measure the percent cover of vegetation at 2.26- 
m intervals along 2 transects across the plot in the cardinal directions.  With one reading 
at point center, this approach yielded a total of 21 reading locations per vegetation plot.  
Presence or absence of foliage was recorded in each of 7 height classes:  0.5-1.5 m, 1.5-3 
m, 3-6 m, 6-12 m, 12-18 m, 18-24 m, and over 24 m.  We tallied presences for each 
height class and calculated the percent cover as the total number of hits per height class 
out of 21 reading locations.  I then combined the height classes into three categories for 
analysis:  understory (0.5-1.5 m, 1.5-3 m, 3-6 m), midstory (6-12 m, 12-18 m), and 
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overstory (18-24 m, over 24 m).  To obtain a measure of spatial canopy cover variability, 
I calculated the percent overstory cover along the North-South and East-West transects of 
each vegetation point.  As an additional measure to account for horizontal variability in 
the higher strata of the forest, I calculated the difference scores between the overstory and 
midstory canopy classes.       
At the nest locations, we recorded additional data that described the specific nest 
site attributes.  We recorded the nest tree species, DBH, and height as well as the nest 
height and the height from the nest to the canopy.  We estimated the nest limb diameter, 
distance from the bole of the tree to the nest, the distance from the nest to the outer 
canopy edge, and the nest limb angle (horizontal, vertical, intermediate).   
For both nest sites and territory locations, we estimated the distance from the 
point center to the nearest canopy gap at least as large as the canopy diameter of a 
representative tree (~ 10 m).  I included gaps with tall vegetation because a gap at the 
overstory level can likely be as important to this canopy species as a gap that reaches to 
the forest floor (Perkins 2006).  I classified the types of gaps encountered into ten specific 
categories:  1.) natural treefall, 2.) grapevine impeded areas (lower area in the canopy 
covered by grapevine [ Vitis spp.]), 3.) small clearings maintained by TWRA (usually 
adjacent to a road or All Terrain Vehicle [ATV] trail), 4.) main road (usually a tertiary 
dirt road that created a linear canopy gap), 5.) old strip mining high-wall, 6.) patch of 
early successional vegetation (usually blackberry [ Rubus spp.]) greater in size than a 
treefall gap, 7.) smaller ATV trail that creates a narrower opening than a main road, 8.) 
natural canopy gap of various origins (e.g. creek, topped trees, cliff edge or other 




 I calculated the number of Cerulean Warbler territories by treatment unit and 
buffer area for each study plot on Royal Blue and Sundquist using the methods outlined 
above.  I then tested for differences in territory density between study sites and years, and 
between treatment units and buffer areas within study sites using two-sample t-tests 
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assuming unequal variances (Microsoft Excel 2003).  I used an  = 0.05 decision criteria 
for statistical significance for all comparisons.  
Habitat analysis 
 I summarized the habitat data at cerulean nest sites, territory sites, and random 
sites by compiling annual means and standard errors for each variable (Table 3.4, 3.5).  
For categorical variables, I reported the percent occurrence of the class (i.e. nest-tree 
species, nest limb angle) that occurred most frequently.  I tested for pair-wise differences 
in nest micro-site parameters between study sites and years using two-sample t-tests 
assuming unequal variances.  I used Beers et al.s (1966) sine-trans formation to convert 
the recorded aspects from degrees to values ranging from  0  2: 
A = cos (45  A) + 1,  
where A = aspect (range:  0-360 °) and A = new aspect code .  This transformation re-
scaled the azimuth values, giving more weight to aspects of productive slopes (northeast 
= 2, southwest = 0).   
Nest Survival 
I used Mayfields (1975) m ethod to determine overall Cerulean Warbler nest 
success for 2007.  I combined the nests for all treatments because of small sample sizes.  
It is difficult to determine the transition between the laying and incubating stage for this 
species because we were generally unable to observe the contents of the nests as eggs 
were added to the clutch.  I therefore calculated daily survival rates for the two stages that 
were readily observable:  incubating and brooding.  However, I incorporated the 4-day 
laying stage into the nest success calculation, which when combined with a 12-day 
incubation period and a 9-day nestling period, summed to a total nest cycle length of 25 
days.  The overall nest success estimate was the combined survival rate from both nest 
stages.  I tested for differences in stage survival probabilities and overall nest survival 
between years and study sites using chi-square tests (Hines and Sauer 1989). 
RESULTS
Cerulean Warbler density 
Cerulean territory density did not differ between Royal Blue and Sundquist in 
2007 (t = 2.88, df = 3, P = 0.064).  The total number of territories on Royal Blue 
decreased by 13.3% whereas the number of territories on Sundquist increased by 37.6% 
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between 2006 and 2007 (Table 3.2).  The number of cerulean territories per treated plot 
remained the same after the harvest on Royal Blue, with only slight decreases and some 
shifting of territory placement between treatments and buffers (Figure 3.1).  The most 
precipitous decline in Royal Blue occurred in the control plot; its number of territories 
decreased by 35.7% from 2006-2007.  On Sundquist, however, each plot gained at least 
one cerulean territory from 2006-2007.  In some cases on Sundquist, new territories were 
established within the harvested areas where there were no territories previously (Figure 
3.2).  Although some shifting of territory placement occurred, the density of cerulean 
territories between treated units and buffers did not differ for the study plots on Royal 
Blue or Sundquist in 2007 (Royal Blue:  t = -0.71, df = 5, P = 0.51; Sundquist:  t = 1.61, 
df = 5, P = 0.17, Table 3.3).   
Nest success
We calculated Mayfield nest success for the combined study areas (Figure 3.3, 
Table 3.2, Mayfield 1975).  Of the 27 nests monitored in 2007, 8 successfully fledged at 
least 2 chicks and 19 failed (11 during incubation and 8 during brooding).  The combined 
Mayfield survival probability was 0.256 ± 0.080; the overall daily survival rate (DSR) for 
2007 was 0.95 ± 0.012.  The combined survival probability for 2007 was lower than for 
2005 ( 2 = 7.78, df = 1, P = 0.005, Hines and Sauer 1989) but not for 2006 ( 2 = 0.21, df = 
1, P = 0.812).  The nest survival rate for nests found in Royal Blue in 2007 was 0.295 ± 
0.10; the nest survival rate for nests in Sundquist in 2007 was 0.164 ± 0.121.  There was 
no difference between the overall nest survival rates for Royal Blue and Sundquist in 
2007 ( 2 = 0.70, df = 1, P = 0.404).  The survival probability for the brooding stage across 
all nests did not differ from DSR for the incubation stage in 2007 ( 2 = 0.057, df = 1, P = 
0.9005).  The survival probability for the brooding stage was greater in 2005 than in 2007 
( 2 = 8.61, df = 1, P = 0.003) and in 2006 than 2007 ( 2 = 5.32, df = 1, P = 0.021); the 
survival probability for the incubating stage did not differ between 2005 and 2007 ( 2 = 
1.75, df = 1, P = 0.186).   
Nest micro-site habitat characteristics and canopy gaps 
We measured several habitat variables at each nest site to describe the physical 
characteristics of the selected location (Table 3.4).  The most commonly used nest tree 
species in Royal Blue in 2007 was sugar maple ( Acer saccharum), accounting for 36.8% 
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of the nests found on Royal Blue.  Other species used were tulip tree ( Liriodendron 
tulipifera), northern red oak ( Quercus rubra), chestnut oak ( Q. montana), white oak ( Q. 
alba), cucumber magnolia ( Magnolia acuminata), and red maple ( Acer rubrum).  The 
most commonly used nest tree species on Sundquist was also sugar maple; 37.5% of the 
nests on Sundquist were found in this species.  Other species used were hickory ( Carya 
spp.), red maple, American sycamore ( Platanus occidentalis), and cucumber magnolia.  
We did not compare the availability of tree species selected by Cerulean Warblers with 
the availability of those species across the study area.    
The average DBH of the nest tree was 41.5 ± 3.6 cm  (range = 16.7  73.9 cm) for 
nests found on Royal Blue in 2007 and 34.2 ± 3.3 cm  (range = 22.8  47 cm) on 
Sundquist (Table 3.3).  Mean nest height was 16.8 ± 0.8 m  (range = 7  20.8 m) on Royal 
Blue and 15.1 ± 1.5 m  (range = 9.2  23.2 m) on Sundquist.  The average distance to the 
nearest canopy gap from the nest was 8.9 ± 3.6 m (range = 0  60 m ) on Royal Blue and 
14.4 ± 4.5 m (range = 0  30 m ) on Sundquist.  There were no pair-wise differences in 
nest site parameters between Royal Blue and Sundquist in 2007 (P > 0.05).  There were 
also no differences in nest site parameters between 2005 and 2007 or between 2006 and 
2007 (P > 0.05).   
Cerulean Warblers located their territories and nests adjacent to various types of 
natural or man-made canopy gaps in the Cumberland Mountains in 2007.  I quantified the 
frequency of occurrence of each gap type by territory and nest site, regardless of the 
distance to the recorded gap (Table 3.7).  I combined the territories and nests for Royal 
Blue and Sundquist.  The most frequently recorded gap type in proximity to nest sites and 
territories was timber harvest in 2007, accounting for 63% of the gap types recorded near 
nest sites and 49% of the gap types recorded near territories.  The average distance from 
nests to canopy gaps, regardless of type, was 10.5 m.  The distance from the nest sites to 
canopy gaps did not differ by year (2005 vs. 2007:  t = 1.39, df = 39, P = 0.17, 2006 vs. 
2007:  t = 0.97, df = 22, P = 0.34).  The average distance from territories to canopy gaps, 
regardless of type, was 16 m.  The distance from the territory sites to canopy gaps did not 
differ by year (2005 vs. 2007:  t = 0.69, df = 79, P = 0.49, 2006 vs. 2007:  t = 1.79, df = 
111, P = 0.076).  There were also no differences between the distance from territory 
centers to canopy gaps and the distance from nest sites to canopy gaps, by year or 
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combined by years (2007:  t = 0.90, df = 87, P = 0.37, combined years:  t = 1.48, df = 
158, P = 0.14).   
DISCUSSION
Land management can take many forms, and often priority bird species may 
benefit indirectly from management actions that were not intended to provide habitat for 
them (Hamel 2005).  Thus, the development of a silvicultural prescription specifically for 
Cerulean Warblers has great potential for conservation of the species.  It is possible that 
modifications to widely used silvicultural techniques may be compatible with Cerulean 
Warbler conservation.  Hamel (2005) suggested that the production of large sawtimber 
trees with large crowns and large shade intolerant and tolerant species, as well as the 
development of a canopy structure that promotes numerous canopy gaps and stimulates 
the growth of long tree limbs could be a possible management prescription for Cerulean 
Warblers.  The silvicultural treatments applied for this study have the potential to produce 
such conditions over time.  However, because of the preliminary nature of these initial 
results, it is not yet possible to make specific conclusions about the effects of the timber 
management on Cerulean Warblers in the Cumberland Mountains.  Management 
recommendations must only be developed after careful analysis of cerulean response to 
the treatments over time.        
The initial response of Cerulean Warblers to the treatments was most noticeable 
on Sundquist.  This may be because the change in habitat characteristics was most 
pronounced there, where the pre-treatment conditions of the forest were quite uniform, 
with few interior canopy openings (Part 2).  The treatments appeared not to cause such a 
drastic change on Royal Blue, where the existing canopy was already more perforated 
and structurally diverse.  It is difficult to distinguish site fidelity from altered habitat 
selection at this early stage because individuals may have simply returned to their 
territories from previous years, regardless of the habitat conditions.  This may be the case 
on the heavy treatments, for example, where the habitat change was most significant.  
Nonetheless, the treated plots on Sundquist each gained at least one territory after the 
harvest, and the new territories were often situated within the harvest boundaries in areas 
that did not support ceruleans previously (Figure 3.2).   
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My hypotheses concerning the changes in territory density after the harvest were 
partially supported by the results.  I hypothesized that cerulean territory density would 
decrease on the heavy treatments and that individuals would shift their territories into the 
buffer areas.  On both sites, the overall number of territories in the heavy treatment 
(including the treated unit and buffer) either decreased slightly (Royal Blue) or increased 
by one territory (Sundquist).  The males occupying these territories appeared to cover 
more ground, often encompassing both harvested area and uncut forest in their daily 
movements (Figure 3.1).  Without quantifying the actual size of the territories, however, 
it is difficult to conclude that the territory size increased.  Males may have been more 
visible after the treatments, making it possible to follow long flights across their 
territories.  Some males used the buffer/treatment boundary as their preferred singing 
perch, presumably because it afforded a view of the entire territory, enhanced song 
projection, and provided visual obstruction from predators (Smith and Dallman 1996).  
The exposed edges may also provide a warm location to sing on cool mornings (Smith 
and Dallman 1996, pers. obs.).  Females were observed making trips to uncut forest to 
forage and collect nesting material when their nests were located within the treated unit.  
In general, it appears that the heavy treatment attracted individuals on Sundquist and 
caused individuals on both sites to travel further to procure sufficient resources.  
I hypothesized that cerulean territory density would increase on the control plots 
and the intermediate and light treatments as ceruleans took advantage of new canopy 
openings.  Contrary to this hypothesis, cerulean density on the control unit on Royal Blue 
decreased by 35.7% (7.5 territories) from 2006 to 2007.   However, the control unit on 
Sundquist almost doubled its number of territories (88.9% increase).  It is difficult to 
know why the territory number decreased on the control unit on Royal Blue, but it may 
not be related to the timber harvest.  The number of territories on each treated unit on 
Royal Blue did not increase, and the treatments are distant from the control unit (>800 
m), so immigration is not likely.  We did not assess territory density in the areas adjacent 
to and between study units.  On Sundquist, more individuals may have been attracted to 
the general area surrounding the treatments because ceruleans tend to breed in loosely 
associated colonies, often following cues of other territorial males (Bagg 1900, Stamps 
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1988, Hamel 2000, Oliarnyk and Robertson 1996, Roth and Islam 2006); the control unit 
on Sundquist is within 400 m of the light treatment. 
The treatment implementation differed between sites because of differences in 
timber marking and removal as well as topographic constraints (streams, unstable soil, 
etc.).  The stands on Royal Blue were more heavily stocked before the treatment, and 
more basal area overall was removed from each unit than for Sundquist.  However, the 
residual basal areas on each treated stand for both sites were much greater than the target 
basal areas, potentially obscuring effects of targeted treatments (Table 3.1).  
I hypothesized that overall nest survival would decrease because of increased nest 
visibility and exposure to predators and harsh weather conditions on the treated units.  
The overall nest success in 2007 (0.256 ± 0.080) was less than both of the pre-treatment 
years (2005-2006), but it was only significantly less than the nest success of 2005 (0.663 
± 0.122).  This may be because 2005 was an exceptional year for Cerulean Warbler nest 
survival in the Cumberland Mountains (Part 2).  Similarly, there were no differences in 
cerulean nest site selection between pre-treatment years and the first year post-harvest.  
Both territories and nest sites were located in proximity to timber harvest gaps more often 
than other gap types, but this may be because of the prevalence of new gaps created by 
the treatments on each unit.  Although my hypothesis was supported by these results, all 
nests were analyzed together because of small sample sizes, so it was not possible to 
specifically examine the initial effect of treatment on overall nest survival or nest site 
selection.   
However, the survival probability for the brooding stage in 2007 (0.545 ± 0.117) 
was less than the survival probability for the brooding stage in 2005 (0.94 ± 0.06) and 
2006 (0.90 ± 0.10).  This suggests that the opened canopy surrounding many of the nests 
increased the visibility of the parents as they made feeding trips, perhaps increasing the 
chance of predation (King et al. 1998).  Potential nest predators such as hawks ( Buteo 
spp. and Accipiter spp.), Blue Jays ( Cyanocitta cristata) and gray squirrels ( Sciurus 
canadensis) were more evident after the harvest (Robinson and Robinson 1999), but this 
may have been a reflection of the increased visibility rather than increased abundance.  
One nest in the intermediate treatment on Royal Blue was depredated by a Red-bellied 
Woodpecker (Melanerpes carolinus ) during the nestling stage (Hazler et al. 2004).  Red-
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bellied Woodpeckers were previously uncommon breeders on the study plots, so it is 
possible that the harvest attracted more individuals.  Two nests located within the heavy 
treatment on Royal Blue produced fledglings successfully, suggesting that predators such 
as Blue Jays or gray squirrels may be reluctant to expose themselves while searching for 
prey.       
There is evidence that nest predation is greater near timber harvests than forest 
interiors (King et al. 1996, King et al. 1998, Thatcher 2007, but see Gram et al. 2003).  
Group selection cuts may increase the risk of predation because they create more edge 
per unit area of forest harvested than do clearcuts (Franklin and Forman 1987, King et al. 
1998).  The amount of pressure from predation and nest parasitism also often depends on 
the amount of existing forest in the landscape (Robinson and Robinson 1999). This 
presents difficulties for forest managers attempting to balance human needs with habitat 
requirements for birds (King et al. 1998).  In this case, Cerulean Warblers require a 
diverse canopy structure within a relatively large forest patch that may only be created 
through habitat management in certain areas within their breeding range, such as 
Sundquist WMA (Hamel 2000a, Hamel 2005).  Further study is forthcoming that will 
examine the exact effect of these silvicultural treatments on cerulean habitat selection, 
territory density and nest survival in the Cumberland Mountains of Tennessee over time.   
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Table 3.5 - Summary statistics of habitat variables (mean ± SE) at random points, 
Cerulean Warbler nest locations, and territories located within the study plots in Royal 
Blue and Sundquist Wildlife Management Areas, Campbell County, Tennessee, 2007. 
Royal Blue WMA 2007  Random Points  Nest Sites  Territories 
(n = 80) (n = 19) (n = 76)
Basal Area (m2/ha) 22.9 ± 1.0 24.3 ± 2.4 22.4 ± 1.0 
Average DBH (cm) 41.8 ± 0.9 43.7 ± 1.7  42.7 ± 0.8  
Sapling cover (%) 20.2 ± 2.3 9.8 ± 2.5 15.7 ± 2.3 
Average sapling height (m) 3.9 ± 0.3  2.6 ± 0.3 3.9 ± 0.3 
Shrub cover (%) 5.7 ± 1.1 12.0 ± 4.7 10.6 ± 1.9 
Average shrub height (m) 1.1 ± 0.2 0.8 ± 0.09 0.8 ± 0.03 
Understory % canopy cover 55.7 ± 3.0 55.6 ± 6.1 55.9 ± 2.9 
Midstory % canopy cover 70.1 ± 3.2 58.9 ± 7.0 68.6 ± 3.2 
Overstory % canopy cover 73.5 ± 2.8 75.4 ± 4.5 77.6 ± 2.0 
% canopy cover along N-S transect 76.1 ± 3.1 75.3 ± 5.4 78.1 ± 2.7 
% canopy cover along E-W transect 70.3 ± 3.6 75.3 ± 6.0 76.6 ± 2.5 
Occurrence of vines by species at data points (%):    
Aristolochia mactophylla 0 0 0 
Parthenocissus quinquefolia 40 58 42 
Smilax spp. 0 0 0 
Toxicodendron radicans 9 11 9 
Vitis spp. 33 63 49 
No vines present (% of points) 61.3 16 34 
Vines present in the overstory (% of points) 56.3 63.2 46.1 
    
Sundquist WMA 2007  Random Points  Nest Sites Territories
(n = 80) (n = 8) (n = 17)
Basal Area (m2/ha) 22.4 ± 1.0 25.3 ± 2.5 23.7 ± 1.4 
Average DBH (cm) 38.2 ± 0.8 39.8 ± 2.3 39.6 ± 1.5 
Sapling cover (%) 29.4 ± 2.6 21.9 ± 5.8 30.0 ± 3.8 
Average sapling height (m) 2.8 ± 0.1 3.6 ± 0.7 3.0 ± 0.2 
Shrub cover (%) 13.4 ± 1.6 17.4 ± 5.0 15.4 ± 2.0 
Average shrub height (m) 0.8 ± 0.03 0.76 ± 0.09 0.9 ± 0.05 
Understory canopy cover (%) 55.0 ± 2.4 49.4 ± 6.7 60.3 ± 4.0 
Midstory canopy cover (%) 66.4 ± 2.7 66.1 ± 10.0 69.0 ± 4.9 
Overstory canopy cover (%) 72.0 ± 3.3 83.9 ± 6.7 75.6 ± 4.8 
Canopy cover along N-S transect (%) 72.1 ± 3.5 78.6 ± 11.2 72.4 ± 5.3 
Canopy cover along E-W transect (%) 71.2 ± 3.5 85.0 ± 7.1 79.4 ± 4.8 
Occurrence of vines by species at data points (%):    
Aristolochia mactophylla 6 0 19 
Parthenocissus quinquefolia 32 38 41 
Smilax spp. 1 0 0 
Toxicodendron radicans 19 25 31 
Vitis spp. 47 63 72 
No vines present (% of points) 36 13 16 
Vines present in the overstory (% of points) 47.1 75 65.6 
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Table 3.6 - Description of different types of natural or man-made canopy gaps in 
proximity to Cerulean Warbler territories and nest sites on Royal Blue and Sundquist 
Wildlife Management Areas, Cumberland Mountains, Campbell County, Tennessee, 
2005-2006. 
Gap Type Description
1 Natural canopy gap of various origins; ex topped trees, etc. 
2 Grapevine impeded area  lower area in canopy covered by grapes 
3 TWRA maintained clearing - usually adjacent to a road or ATV trail 
4 Main road:  tertiary dirt road that creates a gap at least 10 m wide  
5 Highwall - residual cliff from contour mining 
6 Natural tree-fall 
7 Gap with blackberry thicket or other early successional vegetation 
8 Smaller ATV trail that creates a narrower opening than a main road 
9 Snag or frost-killed tree  
10 Timber harvest 
Table 3.7 - Frequency of occurrence of canopy gaps by type near Cerulean Warbler 
territories and nests in 2007, combined for both study areas (Royal Blue WMA and 
Sundquist WMA, Campbell County, Tennessee).  Gap type described in Table 3.6. 
Territories Nests
Gap Type Frequency % Occurrence Frequency % Occurrence 
1 15 23 4 15 
2 1 2 0 0 
3 0 0 0 0
4 5 8 1 4 
5 1 2 0 0 
6 5 8 1 4 
7 1 2 1 4 
8 2 3 0 0 
9 3 5 3 11 
10 32 49 17 63 
Total 65   27   
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Figure 3.1   - Territory maps showing pre-treatment conditions (a) and shifting and 
apparent enlargement of Cerulean Warbler territories after timber harvest (b), Royal Blue 
Wildlife Management Area, heavy treatment, Campbell County, Tennessee, 2007.  





Figure 3.2  - Territory maps showing pre-treatment conditions (a) and increase in number 
and shifting of Cerulean Warbler territories after timber harvest (b), Sundquist Wildlife 
Management Area, intermediate treatment, Campbell County, Tennessee, 2007.  Green 


















Figure 3.3  - Probability of survival (x-axis, Mayfield ± 1 SE) during incubation, 
brooding, and for the combined nest stages for the Cerulean Warbler in Royal Blue and 
Sundquist Wildlife Management Areas, Cumberland Mountains, Campbell County, 
Tennessee, 2005-2007 (2005-2006 shown for comparison).  Differing letters indicate 
significant differences (  = 0.05) between years (A-B = incubating, C-D = brooding, E-F 





















4. CERULEAN WARBLER ABUNDANCE AND OCCURRENCE 






resource development an and more 
recently, wind energy.  The demand for these resources continues to increase.  Coupled 
with human development associated with retirement communities and suburban 
expansion, the once largely forested region is facing increasing threats of fragmentation 
(Buehler et al. 2006).  The forest resources in the Cumberland Mountains are managed by 
various private companies and the Tennessee Wildlife Resources Agency (TWRA).  
Fountain Forestry has managed the timber resources for several large landowners since 
2004, including the Sundquist Wildlife Management Area (WMA).  This company has 
been using clearcutting as one of their primary regeneration approaches across the 
Cumberland Mountains since it began managing timber in the region (Figure 4.1).    
A recent land acquisition agreement gave TWRA ownership of the timber rights 
on Sundquist WMA.  TWRA will be leasing Sundquist WMA to Lyme Timber for the 
next 10 years to offset the cost of purchasing the timber rights.  As a result of this 
agreement, Lyme Timber and Conservation Forestry will be managing the timber 
resources across a newly created permanent conservation easement encompassing about 
51,400 ha.  Although this decision has great implications for conservation and recreation 
in the Cumberland Mountains, if the timber companies continue to remove timber at the 
current rate, mature forest birds may be affected.  Royal Blue WMA currently contains 
the largest intact tract of mature interior forest in the Cumberland Mountains because the 
timber rights are owned by TWRA, which does not manage the forest for maximum 
economic return (Figure 4.2, interior forest coverage by Bulluck 2007).   
 Tennessee contains 78.2 million tons of bituminous coal in seams that vary 
between 0.71 and 1.1 m thick and occur at depths up to 305 m (OSM 2000).  The 
Tennessee Valley Authority (TVA) has historically been a major user of coal mined in 
Tennessee at its coal-fired power plants in Tennessee and Alabama (TVA 2008).  At 
present, TVA does not use any coal mined in Tennessee although this situation could 
change with market conditions (C. P. Nicholson, pers. comm.).  Mining occurs in both 
northern and southern Tennessee; the mining in the northern counties is mostly on steep 
ropogenic disturbances in the Cumberland Mountains
he Cumberland Mountains in Tennessee have had a long history of natural 
d extraction, including natural gas, coal, timber, 
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ridges in the Cumberland Mountains (OSM 2000).  Because the coal seams often occur at 













high elevations, they coincide well with optimal Cerulean Warbl
C rland Mountains (Buehler et al. 2006).     
As of 2000, Tennessee was ranked 19 th in coal production out of the 26 coal 
producing states (OSM 2000).  During 2000, there were 12 active surface mines and 8 
active underground mines in Tennessee, affecting 2238.3 ha (OSM 2000).  Altho
these mountains do not contain as much coal as certain regions of Kentucky and West 
Virginia, the coal reserves have been mined actively since the mid-19 th Century.   
 Currently, gaps created by contour mining are large with a hard edge where th
mined area meets the remaining forest.  Because the coal seams in the Cumberland 
Mountains are relatively thin, coal companies often extract more than one seam during a
single operation to maximize profits and offset operational costs.  These seams are 
separated by layers of rock and soil, which are removed during the mining process to
the coal (Wood et al. 2006).  These contour mines are reclaimed according to the 
Surface Mining Control and Reclamation Act of 1977 (SMCRA) regulations.  Soil 
compaction requirements under SMCRA impede forest regeneration; the problem i
further exacerbated by the use of dense, non-native grass cover.  Primary successio
take 10 times longer than secondary succession, indicating that forest succession on 
reclaimed mines may take longer than forest succession on areas affected by agricultural 
or silvicultural management (Barbour et al. 1999).     
 As a result of strip mining before enactment of SMCRA, many long, relatively 
narrow gaps were created across the Cumberland Mountains.  Most of these gaps consist 
of a residual highwall, the sheer cliff left over after a contour mining operation, and th
bench at the foot of this cliff that has since succeeded naturally into scrub-
young forest.  Often, these old strip benches are overgrown with exotic invasive 
vegetation such as autumn olive ( Eleaganus umbellata) or sericea lespedeza ( Lesp
cuneata).  Other smaller scale gaps created by various disturbances occur at regular 
intervals across the Cumberland Mountains.  These consist of tertiary roads where the
canopy does not stretch across the road, landslides, wildlife food plots, and powerline 
corridors.  These narrow, successional gaps in an otherwise contiguous forest canopy 
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provide important habitat for priority birds such as the Golden-winged Warbler 







ion of once contiguous forest tracts 





Cerulean Warblers are declining, in part because of loss and degradation of th
breeding habitat associated with increasing amounts of human-created disturbances 
(Hamel et al. 2004, Weakland and Wood 2005, Wood et al. 2005).  The Cerulean 
Warbler is a mature forest species on its breeding grounds in eastern North America 
(Hamel 2000a).  Ceruleans prefer large tracts of deciduous forest with horizontal c
diversity (Hamel 2000a).  This diversity can be created by natural or man-made canopy 
gaps, super-emergent trees within a well-stratified forest, or tree species that leaf ou
in the season (Hamel 2000a, Barg et al. 2006, Perkins 2006).  The creation of many large-
scale and small-scale openings across suitable habitat within the breeding range of t
species is becoming more prevalent.  Cerulean response to the increasing gaps in the 
Cumberland Mountains warrants further study (Hamel et al. 2004).   
It is not yet known how large an anthropogenic disturbance can be within a 
forested landscape before it will render the surrounding forest unsuitable for Cerulean
Warblers or otherwise decrease habitat quality.  Although ceruleans may still occur in 
these disturbed areas, it is important to examine reproductive success and other 
population metrics to better understand the effect of large-scale disturbance on Cerulean 
Warblers (Duguay et al. 2001).  Continued fragmentat
m use regions that formerly provided quality source breeding habitat to become sin
for mature forest birds (Donovan et al. 1995).       
 Wood et al. (2006) and Weakland and Wood (2005) determined the relationship 
between mountaintop removal mines and Cerulean Warbler abundance and occurrenc
Wood et al. (2006) described Cerulean Warbler habitat in southwestern West Vir
productive slopes and ridgetops with many snags and few saplings within large tracts of 
mature, undisturbed forest.  Several studies have found that this species does not avo
internal canopy disturbances caused by various factors such as natural treefall gaps, 
roads, ice-storms, and silvicultural management (Jones et al. 2001, Bosworth 2003, 
Weakland and Wood 2005, Wood et al. 2005, Wood et al. 2006).  However, Weakland
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and Wood (2005) and Wood et al. (2006) reported that ceruleans exhibit a negati
response to the large-scale hard edge created by rec
ve 








currence across the Cumberland 
Kentucky, and Virginia (Nicholson 2004).  The elevation of the area ranges from 250 to 
Research Design
Hamel (2000b) detailed various research questions that needed to be addressed to 
better understand the ecology of the Cerulean Warbler.  Two of the high-priority nee
that he discussed were explored in part by this study:  a) identify landscape charact
of Cerulean Warbler occurrence, area-sensitivity, and distribution in relationship to fo
fragmentation, b) determine response of populations to land-management activities. 
 We developed a Mahalanobis distance habitat model for predicting suitable 
Cerulean Warbler habitat in the Cumberland Mountains (Buehler et al. 2006 , Figure 1.3).  
The current model consists primarily of topographically derived variables such as 
elevation, slope, aspect, and relative slope position.  The model also includes mature 
deciduous forest cover as a layer depicting forested areas and non-forested areas.  Thi
model was validated using data collected in 2004 that consist of 114 k
s in the Cumberlands.  Using these locations, it was determined that the mod
performed with an 80% correct classification of cerulean presence, and with a 54% 
correct classification of cerulean absence.     
In the Cumberland Mountains, Cerulean Warblers occupy areas of relativ
undisturbed forest as well as various types of disturbed patches that are adjacent to 
mature forest.  For this chapter, I assessed the relationship between relatively large 
recently reclaimed mines, large clearcuts, and older, often narrower gaps in later stages of 
succession on Cerulean Warbler abundance and oc
Mountains.  I predicted that Cerulean Warblers would occur at most sites, regardless of 
gap type or distance, because they are abundant in the Cumberland Mountains.  I further 
hypothesized that Cerulean Warblers would be more abundant further from the edges of 
clearcuts and mines and that their abundance would not change with distance from the 
edge of the older successional gaps.   
STUDY AREA 
The Cumberland Mountains create a unique landform that extends out of the 
Cumberland Plateau physiographic province, which covers about 7500 km 2 in Tennessee, 
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1075 m (mean = 580 m), with about 72.6% of the land cover in Tennessee being mature 
mixed mesophytic forest dominated by maple ( Acer spp.), hickory ( Carya spp.), tulip tree 













 confidence interval, 23,360  65,600 pairs).     
 ches 
(Liriodendron tulip
 The average annual precipitation from 1971-2000 at the Lancing 6 NW climatic 
data center, located in Morgan County, TN about 35 km WSW of the Sundquist study 
area, was 131.78 cm (NCDC 2002).  The average monthly precipitation during May, June 
and July for this period was 12.62 cm, 13.26 cm, and 13.44 cm, respectively (NCDC 
2002).  Current landuses in the area include coal mining, forest management, recreati
li  agriculture, and an increasing amount of human development (Buehler et al. 
2006).   
The Cumberland Mountains in Tennessee, which encompass parts of Ander
Campbell, Morgan and Scott counties, were the study area for this project.  We chose
numerous sites to represent the three disturbance types studied:  clearcuts, mines, and 
older successional gaps.  The sites were chosen using Bullucks (2007) land-cover 
classification for the Cumberland Mountains, timber harvest information from Fountain
Forestry, and mine permit information from the Tennessee Office of Surface Mining
Most of the mines in the Cumberland Mountains are relatively narrow contour m
e exception of the cross-ridge mine on Zeb Mountain.  Because of coal mining
activity, the surveys were conducted on one end of the Zeb Mountain mine, where t
width of the disturbed area was relatively narrow.  In contrast, most of the clearcut s
were large areas that spanned a wide elevational gradient.  The older successional gaps 
varied in size, but were often narrow, regenerating contour mines. 
In the Cumberlands, Cerulean Warblers occur primarily above 450 m on north to
east-facing slopes on steep ridges within upland mixed-mesophytic forest.  According to 
the habitat suitability model developed by Buehler et al. (2006), there are currently over 
80,000 ha of potential cerulean habitat distributed throughout the region, with an 
estimated 44,804 breeding pairs (95%
METHODS
During the 2007 field season, we examined a sample of existing disturbed pat
and adjacent forest in the Cumberland Mountains to determine the effect of edge on 
Cerulean Warbler occurrence and abundance.  We examined sites for each of three 
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disturbance types:  recent clearcuts (n = 9 sites), recently reclaimed strip mines (n = 7 
sites), and older, often narrower disturbances such as old strip mines (henceforth older 
successional disturbances, n = 11 sites, Table 4.1).  The clearcut sites were selected from 
recent harvest information provided by Fountain Forestry.  The mine sites were selected 
from current permitted area information provided by the Knoxville field office of OSM
and National Coal Corporation.  Two older mines were surveyed as well (Hatfield Knob 
and Cross Mountain) because the vegetation covering the reclaimed area was low-
growing herbaceous cover, similar to recently reclaimed mines.  The older successional 









dy on large-scale 
edge ef
  
 to be 
 
developed by Buehler et al. (2006).  We accomplished these requirements by placing our 
 the 
nt an adequate sample of each disturbance type in the region according to a review
of the existing disturbed areas described by the landcover layer (Bulluck 2007).  The si
were selected on the basis of accessibility and proximity to mature interior forest. 
 We visited each site once between 1 May and 20 June 2007 to conduct point
counts and playback surveys for ceruleans, following an adaptation of the survey 
methodology used by Buehler et al. (2006).  First, we recorded cerulean activity within
100 m of the point (in three distance classes:  0-25 m, 26-50 m, and 51-100 m) for 3 
minutes.  Then, we broadcasted a cerulean ma les song using playback equipm ent for 2
minutes, listened for 3 minutes, and again recorded any activity within 100 m.  During 
this 8-minute period, any cerulean activity observed was recorded.  All counts were 
conducted by one observer (J. Kapp).         
Our study design was adapted from Wood et al. s (2006) stu
fects on ceruleans in West Virginia.  We conducted a series of three transect 
surveys oriented perpendicular to the edge of the gap; transects were at least 250 m apart.
We ensured that each transect stayed above 450 m and progressed only into mature 
interior forest from a gap.   All transects were also confined within areas predicted
potential habitat for Cerulean Warblers according to the Mahalanobis distance model
transects both within areas predicted to be interior forest above 450 m in a geographic 
layer calculated by L. Bulluck (2007) and within the projected habitat layer depicting
Mahalanobis model in ArcMap.   
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Each transect consisted of three point counts that were placed 250 m apart. The
first transect began with a point count 50 m from the edge of the patch and extended to 
550 m (i.e., points located at 50, 300, and 550 m from the edge).  The second transect 
began 100 m from the edge and extended to 600 m (i.e., points located at 100, 350, and 
600 m from the edge).  The third transect began at 150 m from the edge and extended to 
650 m (i.e., points located at 150, 400, and 650 m from the edge).  In this way, we 
assessed the relationship between the edge and cerulean distribution and abundance
various distances from the edge.  With a maximum radius of 100 m, the individual point 
counts did not overlap.  We obtained locations of each point with a Garmin GPS unit (
m accuracy). 
At each point count station, we assessed the slope position, percent slope, and 
aspect and conducted an abbreviated vegetation analysis.  The slope position was 









al. 2006).  All points for this study were conducted on ridgetops or midslopes because
transects were situated above 450 m.  The percent slope was measured with a clino
and the aspect was measured with a compass.  We used a 2.5 m 2/ha basal area factor 
prism to estimate basal area at each point.  In addition, we estimated percent overstor
cover across the prism plot and average canopy height and noted the presence of any 
canopy gaps greater than the crown diameter of a dominant overstory tree (ie. roads, 
treefall gaps).   
Data Analysis 
We conducted all analyses for this study using SAS version 9.1 (SAS Institute 
2003).  We tested the residuals of the vegetation variables for normality using the 
Shapiro-W ilks tes t.  Variables recorded as percents (percent forest cover for each 
disturbance type and percent slope for the clearcut data) were arcsine transformed.  W
log-transformed abundance to achieve normality and homogeneity of variance.  We also 
log-transformed the variable describing disturbance size in hectares; we used the log 
base-10 transformation to normalize the variable describing average disturbance width 
(m).  We transformed aspect using Beers et al.s (1966) transform ation: 











 and distance.  If differences were detected, we used the least-significant 





 tested the 
lation e type alone and Cerulean Warbler occurrence using a 
chi-square frequency procedure (Proc FREQ, SAS/STAT software, SAS Version 9.1.3).   
 = aspect (range:  0-360 °) and A = new aspect code .  This transformation re-
scales the azimuth values, giving more weight to aspects of productive slopes (northeast
= 2, southwest = 0).  We used an  = 0.05 decision criteria for statistical significance.  
values reported are means ± 1 SE unless otherwise noted.  
 Cerulean Warbler abundance, occurrence, and habitat characteristics 
 For analyses with both Cerulean Warbler abundance and occurrence, only 
ceruleans observed within 100 m of the point count center were used for analysis becau
of tested detection distances (Hamel et al. 2008).  Raw abundance records were simply 
counts of individuals observed at each station, regardless of time interval or distance 
category.  The
ts and distance categories within a site; date was also included in this sorting 
process.  It was this total abundance variable that was then log-transformed.  Simil
Cerulean Warbler occurrence was the presence or absence of individuals summed across  
transects and distance categories within a site.   
 We used a completely randomized design, 2-way mixed model analysis of 
variance (ANOVA; Proc MIXED; SAS/STAT software, SAS Version 9.1.3) to evalua
the effect of disturbance type (clearcut, mine, or older successional gap) and distance 
from edge (0-650 m) on Cerulean Warbler abundance, using date of the breeding seas
as a covariate.  The model tested for main effects as well as the interaction between 
disturbance type
difference test (L
d ine the nature and direction of the effect.   
 We used logistic regression with a backward elimination procedure to test t
effect of disturbance type, distance from edge, and date of the breeding season on 
Cerulean Warbler occurrence (presence/absence, Proc LOGISTIC, SAS/STAT software,
SAS Version 9.1.3).  The logistic model included cerulean occurrence as the predictor 
variable and disturbance type, distance, the disturbance type*distance interaction, and
date as the explanatory variables.  If differences were detected, we used the odds ratio 
estimates and r 2 values to determine the strength of the relationship.  We
re ship between disturbanc
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 We tested whether cerulean abundance varied by slope position or overall gap 
size, regardless of disturbance type, using a 1-way mixed model analysis of covariance 
(ANCOVA, Proc MIXED; SAS/STAT software, SAS Version 9.1.3).  Slope position was 
the fixed effect and gap area was the covariate.  We tested whether cerulean occurrence 
ward elimination 
 
rbance type (clearcut, mine, or older 




varied by slope position or gap size using logistic regression with a back
procedure (Proc LOGISTIC, SAS/STAT software, SAS Version 9.1.3). 
We used linear regression to test whether the habitat characteristics varied with 
distance from edge for each disturbance type.  The habitat characteristics we tested were
average canopy height, Beers et  als (1966) transfor med aspect, percent slope, percent
overstory canopy cover, and basal area. 
 We compared general attributes of each disturbance type using a completely 
randomized design, 1-way mixed model ANOVA (Proc MIXED; SAS/STAT software, 
SAS Version 9.1.3) to evaluate whether the size (ha), mean disturbance width (m) and/or 
maximum disturbance width (m) varied by distu
s ional gap).  Mean disturbance width was determined by averaging the width
gap from the starting point of each transect to where mature forest began again on the 
other side.  Maximum disturbance width was determined by the point where this width
the gap was the greatest.  Often, the length of the disturbance was greater than its width 
(e.g. contour mines or old strip benches), but we desired to test for variation in 
disturbance width because this measure may determine the effective size of the gap when 
considering its impact on the surrounding forest.   
RESULTS
Cerulean Warbler abundance 
 There appeared to be fewer ceruleans in areas adjacent to mines than in are
adjacent to clearcuts or older successional gaps, but this relationship was not significant 
(F = 0.39, df = 2, P = 0.68, Table 4.2).  There were also no significant relationships 
between Cerulean Warbler abundance and distance from edge (F = 1.15, df = 8, P = 0.33) 
or date of the breeding season (F = 0.08, df = 1, P = 0.77).  There was no significant 
relationship between abundance and the interaction of disturbance type and distance
edge (F = 0.63, df = 16, P = 0.86, Figure 4.3 a-c).  Cerulean abundance did not vary by 
slope position (F = 0.27, df = 241, P = 0.60) or gap size (F = 1.33, df = 241, P = 0.25).       
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Cerulean Warbler occurrence
 The backward elimination procedure removed the effect of distan ce (Walds 2 =




 relationships found, we assessed the maximum 
nt 
1042), 
dividually ( 2 = 0.97, df = 2, P = 0.61), 
providing additional evidence that the relationships found in the logistic model may not 
o 
2 = 10.6, df = 16, P = 0.83) from the model.  The final model proposed for the logistic 
regression included disturbance type, date, and the interaction of date and disturbance 
type.  The interaction showed a significant relationship with cerulean occ
.12, df = 2, P = 0.0023).  There was a significant relationship between Cerulean 
Warbler occurrence and the main ef fect disturbance type (Walds 2 = 12.48, df = 2, P = 
0.0019), but not for date (W alds 2 = 0.0004, df = 1, P = 0.98).   
 To further explore the significant
likelihood estimates with their associated chi-square probabilities and odds ratios.  
Because there were three disturbance types (clearcuts, mines, older successional gaps), 
one disturbance type was used as the control for the comparisons (older successional 
gaps).  Cerulean Warblers were 10 times more likely to be observed in the area adjace
to older successional gaps than clearcuts (W alds 2 = 12.43, P = 0.0004).  They were 
13.7 times more likely to be observed in areas adjacent to mines than older successional 
gaps (Walds 2 = 6.34, P = 0.0118).  Hence, by process of elimination, ceruleans were 
more likely to be encountered in areas adjacent to mines than clearcuts.  Although 
significant relationships were found in this model, the r 2 value was poor (r 2 = 0.
indicating that the associations were weak.  There was no effect of disturbance type on 
Cerulean Warbler occurrence when it was tested in
be significant. 
 The odds ratios for the date* disturbance type interaction were not as strong.  
Ceruleans were 1.1 times more likely to be found later in the season in areas adjacent to 
clearcuts than older successional gaps (W alds 2 = 10.92, P = 0.001).  They were als
1.1 times more likely to be found earlier in the season near older successional gaps than 
mines (W alds 2 = 9.86, P = 0.0017).   
 Cerulean occurrence did not vary by slope position (W alds 2 = 0.66, P = 0.42) 
or gap size (Walds 2 = 1.44, P = 0.23).  All effects were removed from the model, 
indicating that neither variable is an adequate predictor of cerulean presence.   
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Habitat characteristics relative to distance from edge 
2 





ragmentation is the replacem ent of large areas of native forest by other 
the 
e been conducted to test the effect of edges on 
erns 
 Few of the habitat characteristics measured varied with distance from the edge of 
a disturbance.  No vegetative measures varied with distance from the edge of clearcuts (P 
> 0.05, Table 4.2).  Several habitat characteristics varied with distance from the edge of 
mines, but the relationships were weak (small r 2 values).  The average canopy height 
surrounding mine sites tended to increase with increasing distance from the edge (P = 
0.0446, r2 = 0.0655), the percent slope decreased with increasing distance (P = 0.0327, r
= 0.075), and the percent canopy cover decreased almost imperceptibly (P = 0.0372, r 2 = 
0.0703).  Two habitat characteristics varied with distance from the
successional gaps, but the relationships were also weak.  The average canopy height 
increased with increasing distance from the edge (P = 0.0056, r 2 = 0.0889), and the 
area tended to increase with increasing distance (P = 0.0305, r 2 = 0.0552).      
Gap-level analysis
 The general shape of the clearcuts was wider and less linear than the mine sites or
the older successional gaps, but there were no significant differences in area between th
three disturbance types (F = 0.50, df = 2, P = 0.6127, Table 4.1).  The clearcut sites had a
significantly greater average width (429.9 m) than mines (295 m) or older successional 
gaps (162.4 m, F = 8.76, df = 2, P = 0.0014).  The clearcut sites also had a significa
greater maximum width (883.4 m) than mines (479.7 m) or older successional gaps 
(503.9 m, F = 6.74, df = 2, P = 0.0048).  
DISCUSSION
 Forest f
ecosystems leaving isolated forest patches, with deleterious consequences for most of 
native forest biota (Murcia 1995).  T his fragme ntation often results in edge effects, 
which occur when two adjacent ecosystems are separated by an abrupt edge (Murcia 
1995).  The gaps associated with these edges have been defined in various ways by 
researchers.  Although many studies hav
avian abundance, distribution, and nest success, there is still a lack of cohesive 
methodology to describe the edges, their associated gaps, and their effect on bird 
communities (Paton 1994, Murcia 1995).  It is difficult to postulate general patt
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describing the effect of edges on avian populations because of poor study design, 
plicate 
.  The 
etween the study site in West Virginia and our study site in 
e 
 mines, but this difference was not significant.  
There also appeared to be more ceruleans closer to the edges of the older successional 





inconsistent methodology, and oversimplification of edges and edge effects (Murcia 
1995).  Given these difficulties, most studies are applicable only on a local level.  Proper 
replication, however, can improve this situation greatly and enable direct comparisons 
between studies (Murcia 1995). 
Wood et al.s (2006) study on the eff ect of large-scale edges created by 
mountaintop removal mining on the abundance and occurrence of Cerulean Warblers is 
an example of a well-designed, properly replicated study that is repeatable and directly 
comparable to other regions with similar ecosystems.  As such, we were able to re
Wood et al.s (2006) study design, with som e modifications to suit the nature of the 
landscape in the Cumberland Mountains.  The sites have similar forest types, elevations, 
and climates; both are within the core breeding range of the Cerulean Warbler
principal difference b
Tennessee was the size of the disturbances.  The reclaimed mines studied in West 
Virginia had an average area of 2,143 ha, whereas the disturbances analyzed for this 
study averaged < 80 ha.  Perhaps the edge effect on Cerulean Warbler abundance 
discovered by Wood et al. (2006) is reflective of larger gap sizes in the landscape.   
 Our study found that Cerulean Warbler abundance did not change with distance 
from the edge of clearcuts, mines, and older successional gaps.  In general, there wer
fewer ceruleans found in areas adjacent to
gaps than further away from
4.3 c).  The driving factor behind these tendencies may be the difference in vegetation 
within the gaps themselves.  Reclaimed mines consist largely of grasslands and create a 
more abrupt edge than do regenerating clearcuts and older successional gaps.  The 
clearcut sites we visited were all conducted by Fountain Forestry between 2004 and 2
so the vegetation had between 1 and 3 years to regenerate before this study was 
conducted.  The older successional gaps consisted of vegetation that had been 
regenerating for  5-10 years and often contained interspersed patches of trees. 
40% of the cerulean occurrences were recorded 100 m or less from the edge in qu
suggesting that ceruleans did not avoid the types of gaps present in the Cumberlands.
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 We found that cerulean occurrence varied by disturbance type.  Although t
relationship was weak and there was no main effect of disturbance type on cerulean 
occurrence when it was analyzed separately, the associations found in the logistic model 
warrant discussion.  Cerulean Warblers were more likely to occur in areas adjacent to 
older successional gaps than clea
his 










 counties.  
vegetation discussed above.  However, they were also more likely to occur in ar
adjacent to mines than older successional gaps or clearcuts.  The most likely explanation
for this occurrence is the association of ceruleans with coal seams in the Cumberland 
Mountains.  The majority of the coal deposits in the Cumberland Mountains occurs in 
prime Cerulean Warbler habitat, on ridgetops above 450 m and dominated by mature
mixed mesophytic forest.  Hence, it is probable that ceruleans would occur in the mature 
forest adjacent to these mine sites at higher elevations.        
 We had reason to suspect that date of the breeding season may have been 
correlated with disturbance type relative to the occurrence of Cerulean Warblers be
the mine sites were generally visited later in the season than the other two disturbance
types.  Ceruleans tend to decrease their singing rate, and thus their detectability, la
the season (pers. obs.).  Ceruleans were only 1.1 times more likely to be found near o
successional gaps than near mines earlier in the season.  This finding, coupled with the 
weak strength (R 2 value) of the relationship, indicates that this association is non-
significant.   There was also no main effect of date on Cerulean Warbler occurrence, 
further lending support to this conclusion.         
 The disturbance types did not differ in overall size, but the clearcut sites had a 
significantly greater average width and maximum width than the mines and the older 
successional gaps.  This is likely because timber harvests were delineated to encompass 
broader areas regardless of elevational contours, whereas the contour mines and old
successional gaps (which were often old contour mines) often were restricted to a given 
elevational gradient in the Cumberlands.  An exception to this trend is the cross-r
mine on Zeb Mountain, which encompasses over 270 ha in Campbell and Scott
Surface mines in the Cumberlands are increasing in size, and the number of cross-ridge 
mines in the region is predicted to increase (C. P. Nicholson, pers. comm.).     
151
Cerulean Warblers have historically been documented in river valleys (Hamel 
2000a), but ridges and ridgetops are also very important habitat features for them 
throughout much of their range (Rosenberg et al. 2000).  The importance of this habitat 
feature highlights the potential threat to their population when these ridges are disturbe
or removed (Wood et al. 2006).  We conducted our surveys only on ridgetops and
midslopes above 450 m and within areas predicted to be suitable Cerulean Warbler 
breeding habitat according to the Mahalanobis distance model (Buehler et al. 2006).  
Because no associations of abundance or occurrence were found in relation to distance
from gaps, we did not incorporate a disturbance variable into the Mahalanobis distance
model as originally planned.  The vegetation characteristics measured between 50 m a
650 m from the edge of each disturbance type did not change significantly, indicating that
















different scenarios of interior forest loss in the Cumberland Mountains by modeling 
Therefore, the current configuration of forest and edge habitat in the Cumb
Mountains may not have a significant effect on Cerulean Warbler abundance or 
occurrence.  Ceruleans may display some degree of tolerance to edges, but it is unknow
when this tolerance may change as gap sizes increase and forest patch sizes decrease.  
Robbins et al. (1989) concluded that ceruleans occur in large tracts of mature deciduous 
forest, and Weakland and Wood (2005) found that territory density is positively 
correlated with forest core area.  This finding is supported by our higher density es
in Royal Blue WMA than Sundquist WMA (Part 2).  Royal Blue WMA encompasses
largest remaining mature interior forest patch in 
(Bulluck 2007).  It is also important to remember that while abundance and occurrence
individual Cerulean Warblers may not change with distance to edge, other population 
measures, such as nest success, post-fledging survival, or adult survival, may display 
differences (Duguay et al. 2001).  The potential effects of edge on these parameters nee
to be evaluated before we can fully understand cerulean response to edges.   
The Cumberland Mountains in Tennessee are becoming increasingly fragmente
by natural resource extraction and development.  It became apparent during this study 
that it was extremely difficult to find locations that were greater than 600 m from any 




g levels of timber and coal extraction.  Each scenario predicted a significant los
of mature interior forest over the next ten years.  A repetition of this study, incorpo
more replicates of each disturbance type and more survey points at various distances, 
may be warranted in the future to document changes in Cerulean Warbler abundance and 
occurrence in the shifting landscape of the Cumberland Mountains. 
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Table 4.3 - Relationship of habitat parameters to distance from the edge of clearcuts, 
mines, and older successional gaps in the Cumb  Mountains of Tennessee, May 




F PDisturbance type Para
Clearcut Average canopy heig  1 1.41 0.2392 0.021 ht (m)
 Overstory cover (%) 1 1.14 0.289 0.017 
 Basal area (m 2/ha) 1 0.38 0.5391 0.006 
 Aspect (Beers' et al. 1 0.52 0.4747 0.008 
 Slope (%) 1 0.18 0.6752 0.003 
     
Mine Average canopy heig  1 21 *0.0446 0.066 
ver (%) 1 54 *0.0372 0.070 
2/ha) 1 15 0.7031 0.002 
 Aspect (Beers' et al. 1 62 0.052 
 Slope (%) 1 27 0.075 
     
Older successional gap  Average canopy heig  1 .1 *0.0056 0.089 
1 43 0.5117 0.005 
2/ha) 1 4.85 *0.0305 0.055 
Aspect (Beers' et al. 1 0 0.9653 0.000 













































Figure 4.1  – Map showing recent clearcuts in portions of Scott, Campbell, and Anderson 
Counties in the Cumberland Mountains, TN.  The land cover classification and interior 























Figure 4.2   Map comparing the extent of mature interior forest above 450 m (1500 ft) in 
Royal Blue Wildlife Management Area (WMA) to the surrounding landscape.  Royal 
Blue WMA contains four of the top ten largest patches of interior forest in the 
Cumberland Mountains, including the largest patch, which encompasses about 2,907.7 ha 
(dark purple patch in the center; top ten patches indicated by various colors).  The land 
cover classification and interior forest layer were created by L. Bulluck (2007) from 










































Figure 4.3 – Cerulean Warbler abundance (mean number of birds observed per site per 
distance category) relative to distance from the edge of a.) clearcuts, b.) mi es, and c.) 
older successional gaps in the Cumberland Mountains of Tennessee, May - June 2007; 














igure 4.4  - Cerulean Warbler percent occurrence (percent of total points at each 
istance category where birds occurred) relative to distance from the edge of a.) 
learcuts, b.) mines, and c.) older successional gaps in the Cumberland Mountains of 
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